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COMPUTING PROGRAM FOR AXIAL DISTRIBUTION OF AERODYNAMIC
NORMAL-FORCE CHARACTERISTICS FOR AXISYMMETRIC
MULTISTAGE LAUNCH VEHICLES

By Ragan B. Madden
Langley Research Center

SUMMARY

This report describes a digital computer program which calculates the axial distri-
bution of aerodynamic normal-force characteristics for axisymmetric, multistage launch
vehicles in the linear angle-of-attack range. In calculating these characteristics for a
particular configuration the program utilizes available experimental data, the majority of
which were obtained from NASA Technical Note D-3283 and Lockheed Missiles & Space
Company report LMSC/HREC A712618. These data cover a wide range of Mach numbers
and geometric parameters and can be readily utilized to obtain similar characteristics
for most launch-vehicle configurations.

INTRODUCTION

The increased demand upon the aeroelastician to obtain the distributed aerodynamic
normal-force loads for launch-vehicle configurations necessitated the development of a
digital computer program to calculate these force coefficients.

A large amount of experimental data for the components comprising most launch
vehicles were obtained from references 1 and 2. These data were reduced to a standard
form and employed in the program as fixed input data. In obtaining the characteristics
for a particular vehicle, the program considers the individual components which comprise
the vehicle and performs linear interpolations or extrapolations on the proper fixed input
data values.

The methods of reducing the data to a standard form and the limitations on these
methods are described in reference 1, which should be used in conjunction with this
program.

This report consists of two main parts. The first part is the users' section which
is to be referred to when one wants fo obtain the characteristics for a particular vehicle.
This part describes the input and the output, and two examples are given in order to illus-
trate the use of the program. The second part is the programer's section which describes



the program logic and the method of inputting the fixed data. If one is just interested in
using the program to obtain the characteristics for a particular vehicle, then this part of
the report need not be referred to. Also included are the program listing and the fixed
input data listing as appendixes A and B, respectively.

SYMBOLS

When components are mentioned in series, they are to be considered in sequence
from nose to aft end.

A " experimentally determined coefficient to determine A values for a sphere

Al denotes values of interpolated X values at (fg), and at each <-DX—>k
0/k2

value in figure 10; denotes values of interpolated 2 values at (Gf)r and
at each (—X—> values in figure 11
k2

o
A2 denotes interpolated A values at (f;), and at each (Dl-)k value in fig-
0/k2

D
ure 10; denotes interpolated X values at <5—1-> and at each (Dl-)
value in figure 11 o/r o/k2

A3 denotes interpolated 2 values at (en)r and at each (Bx_)k value in
figure 10 o/k2
A4 denotes final interpolated X values at M, and at each (Dl-> . value
o/k
A44 denotes interpolated A values at (6y)r and at each (%) value in
figure 9 k2
(ON normal-force coefficient, FN/qS
aCy
CN normal-force-coefficient slope, ——, per radian
o o
D local diameter, meters



DX4
DX5

DX7

(Dl/D O)i

Dx

reference diameter, meters

reference diameter of first frustum, meters

reference diameter of second frustum in multistage vehicle, meters

reference diameter of third frustum in multistage vehicle, meters

reference diameter of fourth frustum in multistage vehicle, meters

diameter of second cylinder of ogive-cylinder-cylinder combination, meters

diameter of second cylinder of a cone-cylinder-cylinder combination, meters

diameter of second cylinder of a frustum-cylinder-cylinder combination,
meters

reference diameter of ith frustum divided by reference diameter of cylinder

following ith frustum

product of local diameter and generalized loading function, referred to in this

report as load characteristics, meters per radian

normal force, newtons

fineness ratio of cylinder preceding frustum

fineness ratio of tangent ogive

length of component under consideration, meters



M mach number

l length of sharp ogive preceding cylinder or length of cylinder preceding

frustum, meters

q dynamic pressure, newtons per meter2

R planview radius of ogive, meters (see fig. 5(b))

by one-half reference diameter of ogive, meters

S reference area, meters2

X local body axial coordinate of component, p - p,, meters

X1 junction point of cylinder and following frustum, meters

X2 junction point of frustum and following cylinder, meters

XR1C junction point of cone-cylinder or ogive-cylinder, meters

XR4 ¢ coordinate at which second cylinder of ogive-cylinder-cylinder combination

begins, meters

XR5 it coordinate at which second cylinder of cone-cylinder-cylinder combination

begins, meters

XR7 L coordinate at which second cylinder of frustum-cylinder-cylinder combi-

nation begins, meters



Ho

Subscripts:

i,j,k

k2

product of reference area and distributed normal-force-coefficient slope,

meters per radian

angle of attack, radians

boattail angle, degrees

ith frustum angle where, in multistage vehicle, ith frustum is defined to be

closer to nose than i + 1st frustum

cone semivertex angle, degrees

dCy
dx

1

generalized loading function, 5 S -

, per radian

axial coordinate of launch vehicle (or configuration), meters

value of 1 at origin of component under consideration such that locally

X =l - kg, meters

denote fixed input variables in figures 9, 10, and 11

ranges over number of case input x stations for a given component

nose

case input variable in figures 9, 10, and 11



1

,2

tangency point

denote the first and second interpolations, respectively, at a given case input
variable in figures 9, 10, and 11

APPLICATIONS

A comparison of load characteristics from experimental and empirical data for a

typical launch vehicle is shown in figure 1. Empirical load characteristics for typical
launch vehicles are shown in figure 2.

dCN

, feet/radian
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Figure 1.- Comparison of load characteristics from experimental and empirical data for typical launch-vehicle configuration.
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Figure 2.- Empirical load characteristics for typical launch-vehicle configurations.
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USERS' SECTION

CONFIGURATIONS

From references 1, 2, and 3, ) values for eight basic components were obtained.
These values are read into the program as fixed input data each time the program is used.
The description of the components, the component code numbers, and the parameter and
Mach number ranges covered by these A values are shown in table I. The solid-line
components in table I are the components of interest, and the dashed-line components are
the components which precede the components of interest.

TABLE I.- COMPONENTS FOR WHICH LOADING FUNCTIONS (A VALUES) ARE AVAILABLE
AND PARAMETER AND MACH NUMBER RANGES COVERED

— -
Component Diagram of component Parameter range Mach number range
el'l
e by o
X ; 0© =g =50°
Cone — sharp or blunted Do 26, = 0.70 to 15.00
4
9 -1
Tangent ogive — sharp or blunted @ Dy 0.50 = (‘n = L/Do) £6.0 0.80 to 15.00
H Y
I b —
3 N F
sphere \ D, 0.25 to 15.00
v
4 e T F
Cylinder following sharp or < Do 35(fn=1/Dg)=7.0 3.00 to 15.00
blunted tangent ogive L-\ - 3
; —>
9]1
5 (.-~ ¥
,
Cylinder following sharp or <4 Do 0° = g, = 400 0.70 to 15.00
blunted cone N i
8,1 =
- 150 = gy = 30°
—r— - n
¢ LS os e 2200
Frustum following sharp or I | ° 0% = 8¢ 4 520 0.80 to 15.00
blunted cone — cylinder S :
0= (fa = _) 4
l ‘J Dy,
T 61,1
7 LTTFr 0° =6y =20°
Cylinder following cone- < D1 Do 0.80 to 15.00
cylinder-frustum ~L _L_L\ 0= (DllDo)l =1
s
8y T o
e — = — e
8 | T
Boattail followlns cylinder ! Do 0=, =16° 1.50 to 15.00
at aft en 1
LA
. - ——— —— - U J




Figure 3 shows the geometric parameters which are used in defining the eight basic
components, and figure 4 shows five variations of the eight basic components for which
the program may be used. The solid and dashed lines in figures 3 and 4 have the same
significance as in table I.

AT
> T
L \ Station
x Station XRIC X XR1C
£ = L/D,
Sharp or blunted Sharp or blunted
cone ogive
| —r X
DO < { Do
an | o +
- [ £ =1/D
x —» X n °
Spherical segment Cylinder following sharp or blunted
tangent ogive
ef,l
o, % o
1, T T F
< D < i | D
~\_ [o] ~\ o
~ ¥ <Ly
l—b X L— 1—4—) X
£, = z/DO
Cylinder following sharp Frustum following cone-
or blunted cone cylinder

Figure 3.- Parameters used to define geometrical components.
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Boattail following cylinder at aft end

£,1
PR T
| Dy : D,
S~ ¥ L
B (p,/p,), = D,/D,

Cylinder following cone-cylinder-frustum

Figure 3.- Concluded.
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l& DX5

Station XR5

Variation I: Cylinder-cylinder following cone

z
~N

//*\

DXh

—

Variation II:

Station XRUY

Cylinder-cylinder following ogive

- l
P |
-7
< i | | DX7
pINEREUEE ;
R
Station XRT
Variation III: Cylinder-cylinder following frustum
B e S
<t I D
o}
~ Iy
1 ———
— x
Variation IV: Frustum following ogive-cylinder
(Restricted to fz = 1/Do 2 4.0)
<]
6 ef’z £
£,1 1 T
TTFT ¥ =
<7y D D, D, D, (p,/D,); = D;/D,
SNt | l (D1/D,); = Dp/Ds
(p,/D,)5 = D5/D,

Variation V: Multifrustum-cylinder combinations

Figure 4.- Five variations of components 4, 5, 6, and 7 and associated parameters.
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CASE INPUT

This section gives the method of inputting data for a particular vehicle to the pro-

gram. Table II gives the FORTRAN names of the input variables and the definitions of

each variable.

TABLE II.- FORTRAN NAMES AND DEFINITIONS FOR CASE INPUT DATA

FORTRAN name

COMPNO(T)
DDRR(J)
DO(1)

DX4

DX5

DX7

FAR
FNR
MACHN(K)

NC1
NC2
NC3

NCMPS
NDX

NFCYCM
NMACHN
NOXS

NPUNCH

NTHFRR
NXS(I)

THBR
THFRR(N)

THNR
XR1C
XR4

XR5
XRT7

Xs(M)

Definition

Component code numbers, beginning with component at nose, I =1 to NCMPS;

see table I and restrictions (5) and (6)

(D1/Do)3, J =1to NFCYCM; the reference diameter of Jth frustum divided by
reference diameter of cylinder following Jth frustum; see figures 3 and 4

Reference diameter Dg of each component, beginning with component at nose,
I =1 to NCMPS; see figure 3

DX4, diameter of second cylinder of ogive-cylinder-cylinder combination; see
figure 4

DX5, diameter of second cylinder of cone-cylinder-cylinder combination; see
figure 4

Diameter of second cylinder of frustum-cylinder-cylinder combination; see
figure 4

f,, fineness ratio of cylinder preceding frustum; see figure 3 and restriction (8)
i,, fineness ratio of sharp tangent ogive; see figure 3 and restriction (13)

Mach numbers at which D2 values are desired, K =1 to NMACHN; see
restriction (1)

Input af )1 if variation I exists and input as 0 otherwise; see figure 4 and restric-
tion (6

Input a(s )1 if variation II exists and input as 0 otherwise; see fighre 4 and restric-
tion (6

Input a(s )1 if variation ITI exists and input as 0 otherwise; see figure 4 and restric-
tion (6

The number of components which comprise the vehicle; see restrictions (5) and (6)

Input as 0 if stations are to be input from nose to aft end in ascending order and
input as 1 if stations are to be input from nose to aft end in descending order

The number of frustum-cylinder combinations; see restriction (7)
The number of Mach numbers; see restriction (1)
The number of stations; see restriction (2)

Input as O if no punch card output is desired and input as 1 if punch card output
is desired

The number of frustum angles 6¢; see restriction (7)

The number of x stations of component I, beginning with component at nose,
1 =1 to NCMPS; see restriction (4)

0p, boattail angle in degrees; see figure 3

6f n, Nth frustum angle in degrees, beginning with frustum closest to nose,
N = 1 to NTHFRR; see figures 3 and 4 and restriction (7)

6n, cone semivertex angle in degrees; see figure 3

XR1C, junction station of cone-cylinder or ogive-cylinder; see figure 3

XR4, . coordinate at which second cylinder of an ogive-cylinder-cylinder com-
bination begins; see figure 4

XR5, . coordinate at which second cylinder of a cone-cylinder-cylinder begins;
see figure 4

XR7, p coordinate at which second cylinder of a frustum-cylinder-cylinder
begins; see figure 4

i coordinates at which DX values are desired, beginning with station at nose,
M = 1 to NOXS; see restrictions (2) and (3)

13



(1)
(2)

(3

(4)
(5)

(6)

M

(8)

14

Restrictions on Case Input
The following restrictions apply to the case input:
A maximum of 15 Mach numbers may be input.

A maximum of 350 coordinates overall may be input, and they must be input from the
nose to the aft end in either ascending or descending order. These stations are the
XS(I) values defined in table II.

At junction points of components — excluding variations I, II, and IIl — the associated
stations must be input twice in the XS(I) set of case input. At junction points of

variations I, II, and III - that is, at stations XR4, XR5, and XR7 — the stations are
input once on the fourth case input data card and once in the XS(I) set of case input.

A maximum of 100 stations for an individual component may be input.

The component code numbers COMPNO(I) refer only to the eight basic components
shown in table I. It should be understood that a blunted cone is composed of compo-
nents 3 and 1 and a blunted ogive is composed of components 3 and 2. The cylinder-
cylinder combination for variations I, I, and II is treated as a single component —
that is, for variation I, the cylinder-cylinder combination is component 5; for varia-
tion II, component 4; and for variation I, component 7. The presence of variations I,
I, or IO in a vehicle is denoted by the value of the case input variables NC1, NC2,
and NC3, respectively, on the second case data card. Variation IV is just a particu-
lar arrangement of some of the eight basic components. The presence of variation V
in a vehicle is denoted by the value of the case input variable NFCYCM on the sec-
ond case data card. The values of COMPNO(I) must always identify the components
taken in sequence from the nose to the aft end, and the value of NCMPS must be

less than 15.

A vehicle is not allowed to be composed of two or more variations of the same type.
As an example, a vehicle is allowed to have one variation I and one variation II but is
not allowed to have two variations I.

The number of frustum-cylinder combinations may not exceed five. If there are no
such combinations or only one such combination, the value of the case input variable

NFCYCM must be 1. Also, the number of frustums may not exceed five. If these
are no frustums or only one frustum, the value of the case input variable NTHFRR

must be 1.
If more than one frustum-cylinder combination is present, the value of the case input

variable FAR is the fineness ratio of the cylinder preceding the frustum closest to
the nose. If the first frustum follows variations I, I, or III, then the input value of

FAR is given by



_ Length of larger diameter cylinder + Length of smaller diameter cylinder

FAR - -
Diameter of larger diameter cylinder

(9) For variations I, II, and III, the vehicle cannot have a third cylinder immediately fol-
lowing the smaller diameter cylinder. This cylinder can be followed only by a boat-
tail, frustum, or frustum-cylinder combination for variations I and IT and only by a
boattail for variation HI.

(10) For variation V a variation III is allowed only after the last frustum-cylinder
combination.

(11) For variation IV, the value of the case input variable THNR must be 0.0.

(12) The units of the input station coordinates and diameters are optional but should be
self-consistent. The units of the input angles must be degrees.

(13) The value of the case input variable FNR must be the fineness ratio of the sharp
tangent ogive. If the ogive is blunted, then the length of the sharp ogive can be
determined by

L= \I?:Rr -r2

and the value of FNR is L/Dg.

Considerations Which Should Be Given to Case Input

It is desirable to input the stations for each component at approximately every 0.2D,
for 0 =x/Dg =1.0, at every 0.25D, for 1.0 <x/Dg =3.0, and at every 0.5Dy for
3.0 < x/Dgy. Although this convention is not required, following it will generally yield an
adequate description of the DX output.

Data for more than one vehicle may be input at a time simply by placing the data cards
for the second vehicle immediately after the data cards for the first vehicle.

To obtain the DX distributions for a given vehicle over a range of Mach numbers,
the outlined procedure should be followed.

(1) The first step is to see if the program can be used for the vehicle. Table I and
figure 4 show the components and variations for which the program can be used; hence the
user must determine whether the components which comprise the vehicle are included in
this table or figure. If they are, then the program can be used. If, however, a vehicle
has a component which is not included in table I or figure 4, then the program may be used
to obtain DX distributions up to this component but not aft of it. A common example of
this type vehicle is one in which a boattail occurs in the middle of the vehicle — compo-
nent 8 is a boattail at the aft end of a vehicle. In this case the program can obtain DX
distributions up to the boattail but not aft of it.

15



(2) The section ""Restrictions on Case Input" should be reviewed.

(3) The case data must be properly coded and punched. This process is described in
detail in the subsequent section '""Case Input Data Cards Description.”

(4) The case input data cards must be placed after the last fixed input data card.

(5) If Dx values for more than one vehicle are desired, then the case input data for
the second vehicle are placed immediately after the case data for the first vehicle.

(6) The fixed input data must be input into the program each time the program is run.
If, however, Dx values for more then one vehicle are desired, the fixed input data are

input only once.

Case Input Data Cards Description

The case input data are input on punched cards and, for each vehicle, the case data
cards consist of 8 single cards followed by three sets of cards where each set contains
from 1 to 35 cards. The case data variables are defined in table II. The values of these
variables are either integer numbers (numbers punched without a decimal) or decimal
numbers (numbers punched with a decimal). Each integer number must be punched such
that the last digit ends in a column which is a multiple of 5. The FORTRAN format used
for the integer numbers is 1415, and no more than 14 numbers may be punched on a card.

The decimal numbers must be punched according to the following restrictions.

(1) If the case input decimal number is a whole number, 27 for example, then this num-
ber may be punched either as 27. in which case the decimal point must end in a column
which is a multiple of 7 or as 27.0 in which case the 0 must end in a column which is a

multiple of 7.

(2) If the number is positive, then the sign does not have to be punched. If the number
is negative, the sign must be punched.

(8) The number of values to the right of the decimal point may vary from 0 as in 27.
to 6 as in .000001 but the total number of columns punched including the sign (if negative)

and decimal point for a given number may not exceed 7. For example, the number
-1580.12 cannot be punched as it is. It would have to be rounded off to -1580.1 in order to

be punched.

(4) The FORTRAN format used for the decimal number is 10F7.3, and no more than
10 numbers may be punched on a card.

The examples of the case data given in the following description are applicable for
example configuration I which is shown at the end of the Users' Section in figures 5 and 6
and table III.
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First data card.- The first data card consists of a short heading which gives the name
of the vehicle and any other information the user desires. The characters punched on
this card are alphameric, and the first character is punched in column 2 and the last
character cannot be punched beyond column 67. Spaces may be skipped between
characters.

Example:

EXAMPLE CONFIGURATION 1

Second data card.- The second data card consists of the values of the case input vari-
ables NCMPS, NMACHN, NOXS, NDX, NC1, NC2, NC3, NFCYCM, NTHFRR,
and NPUNCH. These values must be integers, and each value must end in a column
which is a multiple of 5; that is, the value of NCMPS must end in column 5, the value of
NMACHN must end in column 10, and so forth.

Example:

5 2 44 1 0 0 1 1 1 0

Third data card.- The third data card consists of the values of the case input varia-
bles THNR, THBR, FAR, and FNR. These values must be decimal numbers, and each
value must end in a column which is a multiple of 7; that is, the value of THNR ends in
column 7, the value of THBR ends in column 14, and so forth. Furthermore, there must
be a value punched for each variable. If the vehicle does not have one of these variables,
then the value of this variable must be punched as 0.0.

Example:

2060 Oe0 1eQ OO

Fourth data card.- The fourth data card consists of the values of the case input varia-
bles XR4, XR5, XR7, DX4, DX5, DXY7,and XRI1C. These values are decimal num-
bers, and each value must end in a column which is a multiple of 7; that is, the value of
XR4 must end in column 7, the value of XR5 must end in column 14, and so forth. A
value must be punched for each variable. If one of these variables is not applicable for
the vehicle, then its value must be punched as 0.0.

Example:

oe}
.
O

Ce0 0e0 2540 0«0 Qe0 16540
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Fifth data card.- The fifth data card consists of the values of the case input variables
THFRR(I). The number of values of this variable is equal to the value of the case input
variable NTHFRR punched on the second data card. The values of THFRR(I) are deci-
mal numbers, and each value must end in a column which is a multiple of 7; that is, the
value of THFRR(1) must end in column 7, the value of THFRR(2) must end in 14, and
so forth.

Example:

125

Sixth data card.- The sixth data card consists of the values of the case input variables
DDRR(I). The number of values of this variable is equal to the value of the case input
variable NFCYCM punched on the second data card. The values of DDRR(I) are deci-
mal numbers, and each value must end in a column which is a multiple of 7; that is, the
value of DDRR(1) must end in column 7, the value of DDRR(2) must end in column 14,
and so forth.

Example:

e 759

Seventh data card.- The seventh data card consists of the values of the case input
variables COMPNO(I). The number of values of this variable is equal to the value
of the case input variable NCMPS punched on the second data card. The values of
COMPNO(I) are integers, and each value must end in a column which is a multiple of 5;
that is, the value of COMPNO(1) must end in column 5, the value of COMPNO(2) must
end in column 10, and so forth.

Example:

Eighth data card.- The eighth data card consists of the values of the case input vari-
able NXS(I). The number of values of this variable is equal to the value of the case input
variable NCMPS punched on the second data card. The sum of these values must equal
the value of the case input variable NOXS punched on the second data card. The values
of NXS(I) are integers, and each value must end in a column which is a multiple of 5;
that is, the value of NXS(1) must end in column 5, the value of NXS(2) must end in
column 10, and so forth.

18



Example:

First set of data cards following first eight single data cards.- This first set of data
cards consists of the values of the case input variable DO(I). The number of values of
this variable is equal to the value of the case input variable NCMPS punched on the
second data card. The values of DO(I) are decimal numbers, and each value must end
in a column which is a multiple of 7; that is, the value of DO(1) must end in column 7,
the value of DO(2) must end in column 14, and so forth. If the value of NCMPS is
larger than 10 then the value of DO(11) must end in column 7 of the next card, and so
forth.

Example:

640 84735 Be 735 Be735 11513

Second set of data cards following first eight single data cards.- This second set of
data cards consists of the values of the case input variable MACHN(I). The number of
values of this variable is equal to the value of the case input variable NMACHN punched
on the second data card. The values of MACHN(I) are decimal numbers, and each value
must end in a column which is a multiple of 7; that is, the value of MACHN(1) must end
in column 7, the value of MACHN(2) must end in column 14, and so forth. If the value
of NMACHN is larger than 10, then the value of MACHN(11) must end in column 7 of
the next card, and so forth.

Example:

Last set of data cards.- This last set of data cards consists of the values of the case
input variable XS(I). The number of values of this variable is equal to the value of the
case input variable NOXS punched on the second data card. The values of XS(I) are
decimal numbers, and each value must end in a column which is a multiple of 7; that is,
the value of XS(1) must end in column 7, the value of XS(2) must end in column 14,
and so forth. If the value of NOXS is larger than 10 (which is almost always the case),
then the value of XS(11) must end in column 7 of the next card, and so forth.

19



Example:

17540 17460 1730 1730 1710 16940 16740 16540 16540 16440
16340 16240 1610 16040 1380156263156 265 15540 1540 1530
15240 1510 1500 15040 148 e0 1460 14440 14240 1400 1380
13640 1340 13040 12560 1200 115¢0 1100 10040 750 S50e0
2540 150 S5e0 ~5e¢0

OuUTPUT

The output begins with a listing of the input parameters and code numbers, and, for
each Mach number, the stations and load characteristics (Dx values) follow. For ogive-
cylinder, sphere-cone, and sphere-ogive combinations, the DX values are continuous at
the junction points and only one value is printed at the junction points. For each of the
other combinations, the D) values are discontinuous at the junction points and two values
are printed at each junction point.

For components 4 and 8 no fixed input data in the subsonic and transonic range are
input to the program. For any case input Mach number which is less than or equal to 1.35,
the message NO FIXED INPUT DATA FOR CYLINDER FOLLOWING OGIVE IN SUB-
SONIC AND TRANSONIC RANGE ARE INPUT TO PROGRAM or NO FIXED INPUT
DATA FOR BOATTAIL FOLLOWING LONG CYLINDER IN SUBSONIC AND TRANSONIC
RANGE ARE INPUT TO PROGRAM is printed.

For component 6 several estimated curves are used in the fixed input data. If these
estimated curves play a major role in determining DX values for the vehicle, then the
message THE DLAMBDA VALUES FOR THE FRUSTUM ARE ESTIMATED FOR THIS
MACH NUMBER is printed. The various checks which the program performs on these
estimated curves are described in detail in the section ""Program Logic' found in the
Programers' Section of this report.

If a vehicle has a geometric parameter, or if a Mach number for which Dx values
are desired does not lie within the ranges given in table I, then errors may be introduced
as a result of the extrapolation, and the results should be reviewed.

If punched card output is obtained, the cards are punched exactly as the pu coordi-
nates and D) values are printed. The value of the u coordinate will end in column 16,
and the DX value will end in column 32. The format for the punched cards is 2E16.8.

Two example configurations are shown in figure 5, and the computer printout for these
examples is shown in table II. The printout is shown in graphical form for each example
in figure 6.
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20° * 12.5 *
. _L.8'755 o - 11513 e =80 e
(2.662) (3.209) (2.44)
173T
(52.73) l
175 165 156.265 150 25 -5

(53.34) (50.29) (47.63) (45.72)

Dsphe:re B (61_83 )

p o 165 -156.265 _ 4

8 8.735

D
(D—l) - 835 759
o/1 11.513

(a) Example configuration 1.

(7.62)  ~(1.52)

yp—
,E.w) o ¥

= if.g 0 _ _
| : (3.05) 1
O2T o 1 ='\/(2 X 16.9 X 5) - 52 = 12 ) 4
(0.61,.) (3.66) 0 0
‘o (3.05) ¢ =22 _ 15 (18.29) (24.38)
Dsphere = 8.735 n 10 ’
(2.662)

(b) Example configuration 2.

Figure 5.- Two example configurations. All stations and diameters are in feet (meters).
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axial coordinate, p, feet (meters)

(a) Example configuration 1.

Figure 6.- Load characteristics for typical launch-vehicle configurations.
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(b) Example configuration 2,

Figure 6.- Concluded.
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TABLE III.- COMPUTER OUTPUT FOR EXAMPLE CONFIGURATIONS 1 AND 2

EXAMPLE CONFIGURATION 1
INPUT PARAMETERS
NCMPS=5 NMACHN=2 NOXS=L4 NDX=1 NC1=0 NC2=0 NC3=1 NFCYCM=1 NTHFRR=1 NPUNCH=0
THNR=20.0 THBR=0. FAR=1. FNR=0.
XR4=0. XR5=0. XR7=25. Dx4=0. DX5=0. DX7=8. XR1C=165.

24

COMPNO(T)

MACH=

THFRR (1)
12,500

DDRR({1)
759

~N>r P W

1,000

STATION
1.75000000E+02
1.74000000E+02
1.73000000E+07
1.71000000E+02
1.69000000E+02
1.67000000F+02
1.65000000E+02
1.65000000E+02
1¢64000000FE+02
1.63000000E+02
1.62000000E4+02
1.61000000E+02
1,60000000E+02
1.58000000E+02
1e56265000F+02
1.,56265000F+02
1.55000000E+02
1.54000000F+02
1.53000000E+02
1.52000000F+02
1.%1000000€+02
1.50000000E+02
1¢50000000€+072
1.48000000E+02
1+46000000E+02

Lottt
6,000 3
8,735 5
8,735 ' 8
8.735 7
11.513 2]

NXS (T}

DLAMBDA

De

2.20497T7TT8BE+01
1.11063566E+01
6eT7T0T1547TE+0Q0
8,75503113E+00
9,93587196F+00
Be21090000E+00
1474700000E+00
7.39400000E+00
1.10916000E+01
1.38500500E+01

1.56452500E+01

1.59067500€+01
1+04436000E+01
5.15365000F+00
2.44580000E+00
4.52116963F+00
5e95017724E+00
Te12443412E+00
Re14288313E+00
9.14230789E+00
9.95874857TE+00
6.65323468F+00
3,0449409TE+00
4.786T7T28BT0E+Q0



TABLE III.- COMPUTER OUTPUT FOR EXAMPLE CONFIGURATIONS 1 AND 2 - Continued

1,44000000E+02 4¢51005265E+00
1442000000E+02 B,14148950E~01
- 1e40000000E+02 =1464169983E+00
TT1W3BOU0000FE+02 =3,01453605E+00
" 1e36000000E+02 =3¢51333088E+00
1434000000E+02 =3.32138757E+00
T 1e30000000E+02 =1466516955E+00

"1425000000E+02  2.29477250E=02
1420000000E+02 3.06695442E-01
1.15000000E+02 H.29463792E-01
"1.10000000E+02 T7.70463792E~01
"1+00000000F+02 B8.22357117E=01
7«50000000F+01 7.61584950E=01
"5,00000000E+01" 7.,61584950E=01"
2.50000000FE+01 T7.61584950E=01
2.50000000E+01 5.29200000E~01
""1.50000000E+01 " 5,25200000E=01
" 5.00000000E+00 5.29200000F=01
«5.00000000E+00 5.29200000E=01
MACH= 2.000
" STATION DLAMBDA
1.75000000E+02 0.
1¢74000000E+02 1444963333E+01
1.73000000E+02 B8B,61413048E+00
1.71000000E+02 Be38696BT3E+00
1,60000000FE+02 1411041449E+01
1.67000000E+02 1.38914817E+01
1.65000000F+02 1.61597500E+01
1.65000000E+02 6+,98800000F+00
1.64000000E+02 6.98800000E400
1,63000000E+02 6.96270000E+00
1.62000000E+02 6.90065000E+00
1461000000E+02 6479945000E+00
1¢60000000E+02 6453620000E+00
1.58000000E+02 5+93500000E+00
1.56265000F+02 5.24100000E+400
1.56265000E+02 B8438431544E+00
1.55000000E+02 9.1466187TE+00
1.54000000E+02 9473594406E+00
1,53000000E+02 1.03076740E+01
1¢52000000E+02 1.09007133E+01
1.51000000E+02 1,15083991F+01
1.50000000E+02 1.21062634E+01
1.50000000E+02 2.38191046E+00
1:48000000E+02 2416431528E+00
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1.46000000E+02
1.44000000E+02
1.42000000E+02
1.40000000E+02
1.,38000000E+02
1.36000000F+02
1.34000000F+02
1430000000E+02
1425000000E+02
1.20000000E+02
1.,15000000E+02
1.10000000F+02
1.00000000E+02
T«50000000E+01
5.00000000F+01
2.50000000E+01
2,50000000E+01
1.50000000E+01
5.00000000E+00

~5.00000000F+00

TABLE IIT.- COMPUTER OUTPUT FOR EXAMPLE CONFIGURATIONS 1 AND 2 - Continued

1.98250747E+00
1e77213652E+00
1.6635)143E+00
1.53182462E+00
1.43029183E+00
1.32372837E+00
1.23023343€E+00
1.08457187€+00
9¢46492291E=-01
BeT730436BBE~01
7e42800854F=01
6e65644928F=01
5.64452710E=01
4e60654R67E=01
4.6065486TE~01
4e60654B6T7E=N1
3.20093714E=01
3.20093714E=01
3.20093714E=01
3.20093714E=01



TABLE III.- COMPUTER OUTPUT FOR EXAMPLE CONFIGURATIONS 1 AND 2 - Continued

EXAMPLE CONFIGURATION 2

NCMPS=l4 NMACHN=2 NOXS=29 NDX=0
THNR=0. THBR=5.
XR4=0. XR5=0.

INPUT PARAMETERS

FAR=0. FNR=1.2
XR7=0. DX4=0. DX5=0. DX7=0. XR1C=10.

e P RERR Ty o e e e
g e o C
T DDRRYIYT T
0. '
TCOMPNOTIY  ~7"'DO(I)" = WNXS(ID)
- 3 T 8,735 3
2 10,000 6
e 10,000 12
8 10,000 8
"MACH= "1.500
STATION DLAMBDA
PR . 0
1400000000E+00 2404935586E+01
2,00000000E+400 2.11421467E+01
T3400000000E+00 1.904B1776E+01
" 4+00000000E+00 1.,98268914E+01
6.00000000E+00 1.84077951E+01
" BeOO0DUOD00E+00 1.49709627E+01
1.00000000E+¢01 B8,14736272E+00
1.20000000E+01 5.51026129E+00
1.40000000E+01 4.,83253871E+00
1.60000000E+01 4.,20887419E+00
1.80000000E+01 3.63926774FE+00
2.00000000E+01 3,06966129E+00
2+50000000E+01 2.21375806E+00
3.00000000E+01 1460112903E+00
"3450000000E«01 1.31708065E+00
4.00000000E+01 7.68080645E=01
- 5400000000E+01 2.50500000E=01
6.00000000E+01 3.63709677F=02
6,00000000E+01 ~7,50000000E~02
6+.20000000E+0]1 =6,00719453E=01
6+40000000E+0]1 ~1.39503351E+00
6.60000000E+0]1 =2.39868981E+00
6.80000000E+0]1 =2.95210336E+00
7+00000000E+01 =3.17646502E+00
7.50000000E+01 =2.06523457TE+00
"8400000000E+01 =143489B17BE+00D

NC1=0 NC2=0 NC3=0 NFCYCM=1 NTHFRR=1 NPUNCH=0
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TABLE III.- COMPUTER OUTPUT FOR EXAMPLE CONFIGURATIONS 1 AND 2 - Concluded

MACH= 2,000
STATION DLAMBDA

0. O.

1.00000000E+00 1«7815695]1E+01
2.000UD000E«00 1.8B320817E+01
3,00000000F+00 174064891E+01
4.00000000F+00 1.76526230F+01
6.00000000F«00 1.48578013E+01
8.,00000000E+00 1e14253912FE+01
1.00000000E+01 6.55813882E+00
1.20000000E+01 H.27437419E+00
1.40000000F«01 4.6684258B1E+00
1.60000000E+01 4410911613E+00
1.80000000F+0]1 3.59644516E+00
2+00000000F+01 3408377419E+00
2+50000000F+01 2.273838T71E+00
3.00000000F+01 1.68741935E+«00
3.50000000F+01 1¢38038710E+00
4,00000000FE+01 B.8138B709T7E=-01
S¢00000000FE+01 3.88000000E=01
6. 00000000FE+01 1:62580645E~01
6,00000000E+01 =3.00000000E=01
6.20000000E+01 =6,92395514E=01
6.40000000E+0]1 =1,06952569E+00
6.60000000F40]1 =1,38506436E+00
6+80000000E+01 =14670636T9F+00
7¢00000000E+01 =1492644427T7E+00
Te50000000FE+01 =1.4382RR36E+00
8.00000000F+01 «T7,9638B6R33F=01
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PROGRAMERS' SECTION

PROGRAM LOGIC

dcC
In referring to reference 1, note that the fixed input data are values of IBS NO‘(E ).

Hence, after the interpolations on A are performed, the program multiplies the results
dCn
o

by D to obtain the final form S
input x station for each component comprising the vehicle.

(= DA). This process is applied to every case

For best results the pro-

gram should be used for vehi- fa =0 =ndfor D,/p, =0
cles which have geometric \ 3 T R
parameters within the ranges o - -7 ;I

given in table I, and the case == Tl _i

input Mach numbers should, if
possible, also be within the
ranges given in table I. If
certain parameters or Mach
numbers are outside these
ranges, then the program may
still be used to obtain Dx
distributions with the under-
standing that sizable errors
may be introduced as a result 6. = 0° and/or D/Do =1
of the extrapolation. In order

. Figure 7.- Geometric significance of parameter limitations for
to decrease the size of these components 6 and 7.

errors, X values for limiting

values of certain parameters have been incorporated as a part of the program. These 2
values in general do not represent experimental results, and anytime these values are
used in an interpolation, the final results should be reviewed as to their reliability. The
geometric significance of the limiting parameter values are shown in figure 7. The
description of the 2 values which correspond to the limiting parameter values are given
in table IV. Some of the limiting parameters and associated A values are inputs to the
program and some are calculated in the program.

In obtaining the X values for an ogive with f, = 0.5 one can use with some modi-
fication the equation for the a values for a sphere given by equation (1). The value of
A can be obtained for the desired Mach number by interpolating the proper A wvalues
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TABLE IV.- PARAMETER LIMITATIONS AND A VALUES USED FOR THESE LIMITATIONS

Component ];iamr?‘tglggir A values used for the limitations
1 6p, = 0° A is taken to be a small number, usually 0.01 or 0.001 for each x/L
station and Mach number *
2 f,=0.5 When f, = 0.5, the ogive becomes a sphere; hence the ) values were
obtained from sphere values
3 None required
fn =0.5 No fixed input data in program for cylinder following sphere
5 B = 00 A =0.01 for all x/L stations and Mach numbers except Mach 15 in
which case = 0.116 for all x/L stations*
6 6¢ = 00 A values are obtained from the A values for a cylinder following a
cone beginning at station X1 as shown in figure al
fa=0 ) values are obtained from A values for a cone*
7 Dy /D0 =0 A values are obtained from A values for a cylinder following a cone
Dy /Do =1 or| x values are obtained from a cylinder following a cone beginning at
gf = 00 station X2 as shown in figure 7t
8 6 = 00 A =0.0 for all x/D, stations and Mach numbers*

*These ) values are input to the program.
TThese A values are calculated in the program,

given in the fixed data listing for sphere data. The modified equation is

)\fn___.5 = 27TA<1 - %)f5 %(1 -.5 2{1—)

where x/L assumes the values given in the fixed data listing for sharp tangent ogives.

The A values for hypersonic Mach numbers were calculated by means of the modi-
fied Newtonian theory as presented in reference 3. These values are input to the program
as Mach 15 data and serve as an upper boundary on Mach number. For any case input
Mach number greater than or equal to 15, the program will use these values and no inter-
polation on Mach number will be performed.

The program can accommodate five variations from the list of eight basic components
shown in table I. These variations and associated parameters are shown in figure 4. In
obtaining the Dx distributions for variations I, II, and III; the program considers each
variation as being a single cylinder, calculates the X values for this cylinder — it should
be recalled that the X values are independent of body diameter — and multiples these
values by the appropriate diameter. The D) resulis obtained for variation IV are valid
only when f, 24.0. Againthe X values associated with these variations do not repre-
sent experimental data, and the DX distributions obtained for any of these variations

should be reviewed.
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A simplified flow chart for the program is shown in figure 8. Detailed flow charts
for the individual components are shown in figures 9 to 11.

The process which the program uses to obtain the DX distributions for compo-
nents 1, 6, and 7 is shown in figures 9 to 11, respectively. In general the process consists
of linearly interpolating the proper fixed input data values. If no interpolation is required
at some of the case input parameters, then the program will omit some of the steps shown
in figures 9 to 11. If insufficient fixed input data is present to permit an interpolation,
then the program will extrapolate.

The ) values for components 2, 4, 5 and 8 are functions of three parameters —
Mach number, x/D, (x/L for component 2), and the appropriate other parameter
(fn for components 2 and 4, ¢, for component 5, and 6}, for component 8). Conse-
quently, the steps used to obtain the DM distributions for each of these components are
similar to those used for component 1.

The Dx values for component 3 are obtained by use of the following closed-form

Dh = 87TDOA<0.5 - S—OXl - DLOXDL() (1)

which is derived from equation (A16) of reference 1. For a given case input Mach num-
ber, the program will interpolate on the fixed input A values to find a value to use in

equation:

equation (1), will convert the case input x stations into x/D, values, and will substi-
tute these values into equation (1).
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Have DA values
for all Mach Nos.
been found

Yes

Have DA value®
for all components
een found

[CALL MACHKD subroutine]

- N=1,2,4,5,8 .///ﬁgng\\\I______Jiil.g___“__H“i‘~
CALL INTP and DISCOT - ___W__m.. CALi'DISCOTréﬁE:J

subroutines to obtain =3 routine to obtain
___DA values _ DA values _

CALL DISCOT subroutine
Wrife L coordinates] to obtain DA values
and DA values _
[}

Use closed
form equation
to obtain

DA values

i
lfe’ék_faf “estimated
__results U

Figure 8.- Program flow chart.
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Find i such that

i+l

M, |< M, <|M

[

to obtain (Alk)

Interpolate on A-value array
at (6_)_ and at each(
n’r

X
T )k2 value at

1,k2 e

Interpolate on (Alb)
(Auh)e’k2 to obta

(ALL)k2 (final A values)

“"Intérpolate on A-value array

X
(en)r and at each| T )., value
to o_b_talr} (_Amﬁ)Qllt_?_,__

1,k2 and

in

C:alcﬂl_l_:cxfgga local diameters D]

DA values

[Write u coordinates,

Figure 9.- Flow chart for component 1.
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Tind i such that

< 1, <Pen
T

I

r

For M,, find j [ For M40 Tind j
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COMPUTER PROGRAM

The computer program consists of a main program, three main subroutines, and the
fixed input data. The name and purpose of each subroutine is described as follows:

Subroutine Purpose

MACHXD Converts case input [ coordinates into x/D0
or x/L stations, determines if interpolation
at case input Mach number is required and if
so finds two fixed input Mach numbers to use
in interpolation

INTP Determines D) values for components 1, 2, 4,
5, and 8
DISCOT Performs all interpolations for all components;

sometimes this subroutine is used to perform
simultaneous double interpolations at two inde-
pendent variables, and sometimes it is used to
interpolate at only one independent variable
The DISCOT subroutine includes three subroutines, UNS, DISSER, and LAGRAN,
which are never called for in the main program but are an inherent part of the DISCOT

subroutine.

The purpose of the main program is to read in the fixed input data, read in the case
input data, convert double or triple subscripted variables into single subscripted variables,
and to obtain D) values for components 3, 6, and 7.

The programing is FORTRAN IV.
METHOD OF INPUTTING FIXED INPUT DATA

A complete listing of all the fixed input data which are input to the program is
enclosed. These data include the following: (1) code numbers — these numbers, with one
exception, tell the program ""how many" parameter and X values are being input. The
exception is the set of code numbers which tell the program whether or not the frustum
A values are experimental or estimated; (2) the values of the parameters; and (3) the
A values.

The order in which these data appear in the data listing is the order in which they are
input to the program, and this order must always be preserved. The cards which give
the FORTRAN names of the variables are listed solely for that purpose and are not a part
of the data. The definitions of these FORTRAN names can be found in table V.

The method of inputting the data is best described by considering each component
separately.
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TABLE V.-

FORTRAN name

FORTRAN NAMES AND DEFINITIONS FOR FIXED INPUT DATA

Def1n1t10n

' FORTRAN names for flxed 1nput data for component 1

LAM1(L,L)

NMACH(2)

NMACH(1)
NXL1
NTHN1(I)
NLAMI(I)
MACH(1,I)
XL1(J)
THN1(I,K)

NXL2
NFN2(I)
NLAM2(I)
MACH(2,T)
XL2(J)
FN2(L,K)
LAM2(I,L)

Number of Mach numbers
Number of x/L values
Number of ¢, values for Ith Mach number; I=1to NMACH(1)
Number of ) values for Ith Mach number; I=1to NMACH(1)
Values of the Mach numbers; I=1to NMACH(1)

x/L values; J =1 to NXL1

On values at the Ith Mach number;
)t values at the Ith Mach number

I=1to NMACH(I),
I=1to NMACH(1),

K = 1 to NTHN1(I)
=1 to NLAM1(J)

FORTRAN names for flxed 1nput data for component 2

Number of Mach numbers

Number of x/L values
Number of f, values for Ith Mach number; I=1to NMACH(2)
Number of X values for Ith Mach number; I =1to NMACH(2)
Values of the Mach numbers; I =1to NMACH(2)

x/L values; J =1 to NXL2

f, values at the Ith Mach number;
A values at the Ith Mach number;

I=1to NMACH(2),
= 1 to NMACH(2),

= 1 to NFN2(I)
= 1 to NLAM2(D) |

NMACH(3)
MACH(3,I)
A(T)

FORTRAN names for flxed input data for component 3

Number of Mach numbers
Values of the Mach numbers;
I=1to NMACH(S)

I=1to NMACH(3)

A values;

FORTRAN names for fixed 1nput data for component 4

NMACH(4)
NXD4
NFN4(I)
NLAMA4(I)
MACH(4,I)
XD4(J)
FN4(LK)
LAM4(I,L)

Number of Mach numbers
Number of x/D, values
Number of f, values for Ith Mach number; I =1to NMACH(4)
Number of X values for Ith Mach number; I = 1to NMACH(4)
Values of the Mach numbers; I=1to NMACH(4)

x/Dg values; J =1 to NXD4

f, values at Ith Mach number;

I1=1to NMACH(4), K =1 to NFN4(I)

1A values at Ith Mach number;

I=1to NMACH(4), L =1 to NLAM4(I)




TABLE V.- FORTRAN NAMES AND DEFINITIONS FOR FIXED INPUT DATA - Continued

FORTRAN name

NMACH(5)
NXD5
NTHNS5(I)
NLAMS(I)
MACH(5,I)
XD5(J)
THNS(IL,K)
LAMS5(T,L)

NMACH(6)
NXD6
NTHN6(I)
NTHF6(I,J)

NFA6(I,3,K)
NLAMS6(I,J,K)
NTOTL6(I,J)
NTOTFA(LJ)

MACH(6,I)
XD6(L)
THNG6(I,J)
THF6(I1,J,K)

FA6(I,J,M)

K1(I,J,M)

LAMG6(I,J,N)

Definition

FORTRAN names for fixed input data for component 5

Number of Mach numbers

Number of x/Dg values

Number of 6, values for Ith Mach number; I =1 to NMACH(5)
Number of A values for Ith Mach number; I =1 to NMACH(5)

Values of the Mach numbers; I =1 to NMACH(5)

x/Dgy values; J =1to NXD5

6y values at Ith Mach number; I =1to NMACH(5), K =1 to NTHN5(I)
A values at Ith Mach number; I =1to NMACH(5), L =1 to NLAMS5(I)

" FORTRAN names-fo; fixed input data for component 6

Number of Mach numbers
Number of x/Dgy values
Number of 6, values for Ith Mach number; I =1 to NMACH(6)

Number of ¢f values at Ith Mach number and Jth ¢,; I=1to NMACH(6),
J = 1 to NTHN6(I)

Number of fa values at Ith Mach number, Jth 9 and Kth 0y;
I=1to NMACH(6), J =1to NTHN6(I), K =1 to NTHF6(I,J)

Number of A values at Ith Mach number, Jth 6,. and Kth 0g;
I=1to NMACH(6), J=1to NTHN6(I), K =1 to NTHF6(I,J)

Total number of 2 values at Ith Mach number and Jth 8y;
I=1to NMACH(6), J =1to NTHN6(I)

Total number of fz values at Ith Mach number and Jth g;
I=1to NMACH(6), J=1to NTHN6(I).
Values of the Mach numbers; I =1to NMACH(6)
x/D, values; L =1 to NXD6
6n values at Ith Mach number; I=1toc NMACH(6), J =1 to NTHNG6(I)
g; values at Ith Mach number and Jth g,; I=1to NMACH(6),
J = 1 to NTHN6(I), K =1 to NTHF6(I,J)
f; values at Ith Mach number and Jth g,; I=1to NMACH(6),
J = 1to NTHN6(I), M =1 to NTOTFA(I,J)

Code numbers denoting experimental or estimated data at Ith Mach
number and Jth 6p; I =1to NMACH(6), J =1 to NTHN6(I),
M = 1 to NTOTFA(L,J)

A values at Ith Mach number and Jth gy;
J =1 to NTHN6(I), N =1 to NTOTL6(L,J)

I =1to NMACH(S6),
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TABLE V.- FORTRAN NAMES AND DEFINITIONS FOR FIXED INPUT DATA — Concluded

FORTRAN name Definition

FORTRAN names for fixed input data for component 7

NMACH(T) Number of Mach numbers
NXD'7 Number of x/Dg values
NDDRT(I) Number of Dj/D, values for Ith Mach number; I =1 to NMACH(7)

NTHF17(1,J) Number of ¢; values for Ith Mach number and Jth Dy /DO;

I=1to NMACH(T), J =1 to NDDRI)

NLAMT7(1,J) Number of X values at Ith Mach and Jth Dj /Do; I =1to NMACH("),
J = 1 to NDDR(I)

MACH(7,I) Values of the Mach numbers; I =1to NMACH(7)
XD7(K) x/Do values; K =1 to NXD7
DDRT7(1,J) Dy/D, values at Ith Mach number; I =1 to NMACH(7),

J =1 to NDDRT(I)

THF7(1,J,L) 6f values at Ith Mach number and Jth Dy /D,; I=1to NMACH(7),
J=1to NDDR7(I), L=1to NTHF7(I,J)1

LAMT7(I,J,M) |a values at Ith Mach number and Jth Dp 4D0; I=1to NMACH(7),
J =1 to NDDR7(I), M =1 to NLAMT(I,J

FORTRAN names for fixed input data for componentg

NMACH(8) Number of Mach numbers

NXD8 Number of x/Dgy values

NTHBS(I) Number of 8y values at Tth Mach number; I = 1to NMACH(8)
NLAMS(I) Number of A values at Ith Mach number; I =1 to NMACH(8)
MACH(8,I) Values of the Mach numbers; I=1to NMACH(8)

XD8(J) x/Dg values; J =1 to NXD8

THBS8(I,K) 6p values at Ith Mach number; I =1 to NMACH(8), K =1 to NTHBS8(I)
LAMS(I,L) A values at Ith Mach number; I=1to NMACH(8), L =1 to NLAMS(I)

Component 1

Corresponding to each Mach number, there is associated a X value array which is
a function of the ¢ values for which data are available for this Mach number and also
a function of a fixed set of x/L values. These ) values are input columnwise as
denoted by the arrows in table VI. The complete set of A values for all Mach numbers
are input as a two-dimensional array where the first subscript refers to Mach number,
and the second refers to the position in the associated A value array.

The fixed set of x/L values, the Mach numbers, and the corresponding sets of
9, values are all input in ascending order.

An example of the ) value array form for a given Mach number is included in
table VI. (Table VI is found at the end of the Programers' Section.)
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Components 2, 4, 5, and 8

The method of inputting the storage data for each of these components is similar to
the method used for component 1. An example of the A wvalue array form for a given
Mach number for each of these components is included in table VI.

Component 3

The Dx values for this component are determined by the closed-form equation
(eq. (1)); hence, no A values are input. The only parameters input are Mach number
and corresponding coefficients A(I). The Mach numbers are input in ascending order.

Component 6

Corresponding to each Mach number, 4,, and 8¢ combination, there is associated
a A value array which is a function of the fg values for which data are available for
the given Mach number, 6p, and 6 combination and also a function of a fixed set of
x/Dy values. Hence, for a given Mach number and ¢, combination, there exists as
many X value arrays as there are §; values which correspond to the Mach number and
6 value. These individual arrays are combined into a single array, which now — for a
given Mach number and 0, value — is a function of fy, 6¢, and x/Dg. These
values are input columnwise as denoted by the arrows in table VI. The complete set of
2 values for all Mach numbers and 65 values are input as three-dimensional variables
where the first subscript refers to Mach number, the second refers to the ¢, value,
and the third refers to the position in the associated X value array.

The Mach numbers and corresponding sets of 0, values are input in ascending
order. The sets of 0 values which correspond to each Mach number and ¢, combina-
tion are also input in ascending order. The sets of f; values which correspond to each
Mach number, 0,, and ¢§f combination are input in ascending order. The fixed set of
x/Dy values are input in ascending order.

If for a given Mach number, 0y, 0f, and f3 combination; the associated ) value
curve is estimated, then the value of the fixed input variable K1 is 0. If the associated
A value curve is experimental, then the value of K1 is 1.

An example of the array form for a given Mach number and §, value is included
in table VI.

Component 7

Corresponding to each Mach number and D1q /Do combination, there exists an
array of 2 values which is a function of the 63 values for which data are available for
this Mach number and Dj /D0 combination and also a function of a fixed set of x/D,
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values. These A values are input columnwise as denoted by the arrows in table VI. The
complete set of A values for all Mach numbers and Dj /D0 combinations are input as
three-dimensional variables where the first subscript refers to Mach number, the second
refers to the Dj /Do value, and the third refers to the position in the associated X

value array.

The fixed set of x/Dy values, the Mach numbers, and the corresponding sets of
Dy /DO values are all input in ascending order. The §; values which correspond to each
Mach number and Dy /Do combination are also input in ascending order.

An example of the array form for a given Mach number and Dj /D0 combination
is included in table VI.
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TABLE VI.- EXAMPLE OF FORM OF A-VALUE ARRAY FOR INPUTTING FIXED

Component

XL1(J)
THN(1,K) 0.0 .2 4 6 .8 1.0
0 LAMI(1,1) = .00 LAM1(1,7) = .01 LAM1(1,31) = .01
10 LAMI1(1,2) = .00
15
25
33
40 LAM1(1,6) = .00 LAM1(1,36) = .35
Mach(2,1) = .8
XL2(J)
FN2(1,K) 0.0 .05 10 - - 1.00
.50 LAM2(1,1) = 0.00  LAM2(1,5) = 2.58 LAM2(1,81) = 0.00
1.39 LAM2(1,2) = 4.15
3.00 LAM2(1,3) = 1.95
6.00 LAM2(1,4) = 1.25 LAM2(1,84) = 0.01

The complete set of XL2(J) for each array for this component is .00, .05, .10, .15, .20,
.25, .30, .35, .40, .45, .50, .55, .60, .65, .70, .75, .80, .85, .90, .95, 1.00.

XD4(J)

FN4(1,K) 0.0 .5 1.0 - - 6.5
3 LAMA4(1,1) = .405  LAMA4(1,4) = .320 LAM4(1,40) = .025
5 LAMA(1,2) = .270

The complete set of XDA4(J)

INPUT DATA FOR EACH COMPONENT

LAM4(1,3) = .178

Example of form of A-value array

Mach(1,1) = .7

Mach (4,1) = 3.0

for each array for this component is 0.0, .5, 1.0, 1.5, 2.0,

2.5, 3.0, 3.5, 4.0, 4.5, 5.0, 5.5, 6.0, 6.5.

40

0.0

LAM5(2,1) = .01
LAMS5(2,2) = .63

LAM5(2,7) = -2.47

Mach(5,2) = .8

1 -
. LAMS5(2,8) = .01

LAMA4(1,42) = .013

6.5
LAMS5(2,162) = .01

LAMS5(2,168) = .03

The complete set of XD5(J) for each array for this component is .0, .1, .2, .3, .4, .5, .6,

.7, .8, .9, 1.0, 1.25, 1.5, 1.75, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0, 5.5, 6.0, 6.5.
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TABLE VI.- EXAMPLE OF FORM OF A-VALUE ARRAY FOR INPUTTING FIXED
INPUT DATA FOR EACH COMPONENT - Concluded

Component Example of form of x-value array
Mach(6,7) = 4.04, THN6(T,1) = 159,
THF6(7,1,1) = 5°
XD6(L)
FA6(7,1,M) 0.0 0.2 04 - - 6.5
0 LAMS6(7,1,1) = .52 LAM6(7,1,4) = .52 1.AM6(7,1,52) = .52
1 LAMS6(7,1,2) = .74
4 LAMS6(7,1,3) = .30 LAMS6(7,1,54) = .45
6 THF6(7,1,2) = 200
1 LAMS6(7,1,55) = 2.05 LAMS6(7,1,57) = 1.90 LAMS(7,1,89) = 2.30
LAM6(7,1,56) = 1.80 J LAM6(7,1,90) = 1.90
The complete set of XD6(L) for each array for this component is 0.0, 0.2, 0.4, 0.6, 0.8, 1.0,
1.25, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0, 5.5, 6.0, 6.5.
Mach(7,1) = .80, DDR7(1,1) = .70 ' T
XD'1(K)
THF7(1,1,L) 0.0 0.1 0.2 - - 6.5
5 LAM7(1,1,1) = -.370 LAM7(1,1,5) = .070 LAM7(1,1,93) = .06
10 LAMT(1,1,2) = -1.140
7
15
30 LAM17(1,1,4) = -1.500 LAMT(1,1,96) = .095
The complete set of XDT(K) values for each array for this component is 0.0, .1, .2, .3, .4, .5,
.6, .7, .8, .9, 1.0, 1.25, 1.5, 1,75, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0, 5.5, 6.0, 6.5.
Mach(8,1) = 1.50 T
0.0 0.1 2 - - 2.5
0 LAMS(1,1) = .000 LAMS8(1,6) = .000 LAMS(1,56) = .000
4 LAMS(1,2) = .000
8 8
12
16 LAMS(1,5) = -.060 LAMS(1,60) = ~.060
The complete set of XD8(J) values for each array for this component is 0.0, .1, .2, .4, .6, .8,
1.0, 1.25, 1.5, 1.75, 2.0, 2.5.
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CONCLUDING REMARKS

The results obtained from this program yield adequate characteristics for most
launch-vehicle configurations at angles of attack less than 5°. Because of the lack of
sufficient experimental data which are input to the program, certain discrepancies exist
between experimental and empirical results. For components which have geometric
parameters within the ranges of the fixed input data, these discrepancies are small. For
components which have geometric parameters outside these ranges, the discrepancies
may be larger, and the empirical results should be interpreted only as representing the
trend of the characteristics curves.

Langley Research Center,
National Aeronautics and Space Administration,
Langley Station, Hampton, Va., August 21, 1967,
124-08-05-25-23.
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APPENDIX A

PROGRAM LISTING
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REAL MACH MR sMREsMR74M1 s LCN s MACHN LAML s LAMZ ¢ LAMEG s LAMS s LAME o
XLAM7 o LANMB 4 LAM

INTEGER COMBNG
EXTERNAL DISCOT
COMMON NMACH (8) yNTHNL (14) sNLAML (14) 3 ¥ACH (B416) v THNL (14417)+XL1(6)

1LAML (144102) yNLAV2(7) s NEFN2(7) 4 XLZ2 (21 ) oFN2{T25) sLAM2 (79105) «A(127 s
PNLAML (R) oNFN4L (S ) 9 XD4 (14 )2 FNA(S5+3) s LAMA (5042) sNLAMS (16 ) sNTHNS (16 ) »
3XDH (24) s THNS (164914 LAMS (164216) «NTHNG (B) yNTHFG (842 )

GNFAB (B 4344 ) yNLAME (B Y 3va ) +NTOTU 6 (8YE Yy NTOTFA (B3 THNG (B3 o -

SX06(18)4THFE(B89344) 1 LAME(3434283)1FAS(B8s3416)1K1(Be3416)
ENDDR7(8) o NTHF7 (84 3) s NLAMT(B93)4D0R7T(EB43) s THF7(B43494) e LAMT7(Ba3496 ) »

TXOT (26 ) NTHBS (8 )y FHES (515) Y K08 (127 L AVE (51857 vNLAME (8 )~ T e

COMMON HEAD(11)aXX(100) sX(25) sLAM(223) sNXS(14)sX5(350)sD0(14)

1AL (24100)aYA(L7)9TN(2) s MACHN (15)

COMMON A2 (23172 ) s A2 (24 100)sMI (2) 2 Al 1 (P v A4 (1001 AAL(1CO) »
TANB(5)aXX6(122) sFA(SG) sK11(4) s THF (L) A22(2) 2A33(2)4XX7(100) +AAZ(2) s
2C2(2)+A12(2)sCOMPND(14) 4444 (24,100) s THFRR (5) yDORR (5)

C READ STATEMENTS FOR FIXED INPUT DATA FOR SHARP CONES

READ (549572 )NMACH (1)

RTAR(5,9502 )NXL 1

N'V'l :N'\/‘ACH ( 1 ) ot TITrT mmmem s mmmmnme T . T

READ (549502 ) (NTHNI1 (I )sl=1sNM] )

READ(349502) (NLAMI (I)el=1eNM])

READ (S, 1600) (MACH(T W Ty v T=TaNm1 )y 77

READ(541600) (XL1(J)aU=1sNXL1)

CO15011=1 4NM] ' . i STt Tm T T

’\JTN—NTHNI ( I ) T e '

1501 RTAD(S41670) (THNL (1 4K)e<K=1aNTN)
CO1SM2T =] «NM | ' T T
NL=ENLAYT (1) oo oo T
15072 READ (T4 16°0) (LAML (TaL Yal=1sNL)
C READ STATIMINTS FOR FIXID INPUT DATA FOR SHARP TANGENT oGlves 7 T

READ (549802 VNMAEC=TZY 7

RIAD (549372 )NXL2

NV2=NVACH(2) o T T

READ (34,9502 (NERETUMVIET y\WEZy ) -

RIAL(549502) (NLAVZ(1)s1=14N42)

R= A"(Dqlé’)q)(”ﬁu ‘-’(rol)qx—lq\ﬂf") o ’ - S S T Ty

READ (5416020 (XL2{UYVJS1WRKEEY ™ &~ & 77 e

V XIAONAddV



LY

COLSN3I=1 4 AV2
NFN=NFNZ2 (1)

1572 READ(541620) (
DOIST4l=] NV2

NL=NLAMZ2 (1)

1604 REAC(S41600)(LAVE(TaL) sL=1a N0

C REAT STATENENTS FOR FIXZD
READ (S 49582 )NVMACH (3)
NV 3=NMACH (2)

READ(S41607) (MACH(241)al=1eNV3)

l\)
B
.
-
A
-
A
"
—
-
P
1

I-\P-).Jl

RTEAC(5+41670)(A(1)sI=1aNM3)

DATA 0~ SPHERES

C REAN STATEVMENTE oR FIXED
C Naly=Ee
DEAD (R .9:“/)NMAFH(4)
READ (B, GEAZINXTE T
NV 4 = NMACH(4)

INPUT

FoR CYLUTWNUERS FOLLOWING TANGENT

il

SATA

READ(S43 ?“°)(N*N4(I)ol—1q4fﬂ)

READ (V952 INLATA (1) s 1

:'. Oq

iy

RZAD(DS4160C) (MACH (4 s 1) s I=1aNA4)

QCA“(5;15””)(X”4(J)0J—1v\Au4)

CO1507T=1,NMa™ 7
NFN=NFN4 (1)
1507 RE AD(R.léOﬂ)(FN4(1.x>,
BN15-~81=1, M4

NL=NLAM4 (1)

'11NFN)

1508 READ(S416N0) (LAVG (T o) aL=1aNL)

C READ STATEMENTS FOR FIXED
READ (549502 )NMACH (S)
READ (54,9512 )NXD5

INPUT

DATA FOR CYLINDERS FOLLOWING CONES

U

NMS = N“AFH(5)

READ (549202 (NTHNS (1 )YsI=1eNMS)
READ(549502) (NLAMS (1) s 1=14NM5)

TREAD(S,1600) (MACH(541)

READ(S+1600) (XD (J)1J=1NXD3)

TO15051=1 4NMS

o I=1 ¢NIAS)

NTN=NTHNE (1)

1505 READ(541672) (THNS{T4K) 4 <=1 eNTN)

O15N51=1 4NM5

NL=NLAMS (1)

V XAaNdddv
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1506 READ(S 416NV (LAMS (TeL)sL=1aNL)

C READ STATEIMENTS FOR FIXED INPUT DLTA FOR FRUSTUMS FCLLOWING CONZE

" TC TCVLUINRERST

READ (59502 )NVACH(6)
READ (54,5502 )NXD5

NTB=NYACH (6 )
READ (549502 ) (NTHNE( ) 1 =1 ¢ NME)
CO1S091=1,NM5

UNTNENTHRNA (1)
1570 READ(F49512) (NTHFH (1 4J) s J=1 +NTN)
' CALS1 "1 =1 4NME T

NTNENTHNE (1) o
TO1S1NJ=1 GdNTH
NTE=NTHFA (14J)

1810 READTS ORAZ) (NFAE (T JW R WK=T.NTFY
CO15111=1.NV5
NTN=NTHNG (1)

TEOTBTIOET O NTN " -
NTE=NTHFA (140) ST
15811 READ(ELSZ02) (NLAVE (T aJe)aK=1NTF)
SO1S121=1 JNM5
NTN=NTHNS (1) )
1512 RTAD(3.9802) (NTOTLO (1 aJ) 9 J=14NTN)

TO1S131=1, M5
NTN=NTHNASG (I )
1513 RIAND(F,9372) INTOTFA(T4J) e J=14NTN)

READ (54160 2) (MACH (64 TH s T=1vNv5) "
READ (B34 1600) (XD6(L) 2L =1 +NXD6)
CO1S141=1,NM6

T\'T\.!='\"|:H'\'6‘( s . B e e e e e e e e

1514 READ(Z415600) (THN6(11J);J=19?\JT?\I)
COIs12I=1sNM5

NTN=NTHNG (1) e e . . e e el et e

COIS13J=1 NTN
NTF=NTHES (14J)
1515 READ(S5416020) (THFS (s s ) 9<=] +NTF)
TN1S2A1=1 4NM5
NTN=NTHNS ()
CO1526U=1,.NTN = S

vV XIaNdddV
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1826

1327

NTOTF=NTZTTA(I4J)

READ(S541600) (TAB(LaJdsi4) +ia=1 oNTCTF )
CO151Aa1=1 N 7 7 7
NTN=NTHN6 (1)

D01516J=1 4NTN

NTOTF=NTOTFA{I J)
READ(S49S02) (K1 (14 Js™M)adi=1 s NTQOTF)
CN15271=14NMA

NITN=NTHNS ()

DR1S27J=1 o NT

NTOTL=NTATLE (] «J)

READ(S 1600 (LANS (1 agaN)sN=1 W NTITL)

C READ STATIMENTS FOR FiXZD INPUT DATA FOR CYLINOERS FOLLOWING FRUSTUMS

1528

1518

1529

1519

‘BC18171=1 NMT7

READ (T4 9522 )NMACH (7))
READ (549502 )INXD7

NV 7=NYMACH (7))

READ (54982 ) (NDDR7(I)sl=1eNM7)
£D152871=14NM” o T T
ND=NDDR7 (1)

READ(S49502) (NTHF7(1aJ) s J=14ND)

ND=NDDR7 (1)

RTAD (549512 ) (NLAMT(Lad)ad=1sND)
READ(S41670) (MACH (74T s I'214N%7)
REAC(341600) (XDT(<) 4 K=1 sNXD7)
CO15181=1NM7
ND=NDNDR7 (1)
READ(S+16N0) (DDR7 (1 aJ) s J=19ND)
CO15231=1,NM7
ND=NDDR7 (1) ’
CO1829J=1+ND
NTF=NTHF7(1+J)
REAND(S41ANDY(THFE7 (1 sJal}osL=1NTF)
DN1519T=1 4 NM7

ND=NNDR7 (1)

COTS19u=TNO
NL=NLAM7 (I +J)
READ(541600) (LAM7 (1aJsi) sM=14NL)

V XIANHddV
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C READ STATEMENTE EOR FIXES TNPUT BATA ™
C CYLINDERS
RZAD (549502 )NMACH (8)

FORTSOATTATILS FOLLOWING LONG

TREAD (85,9832 7YNXEE
NMB=NMACH (8)
READ(S49502) (NTHES(1)s =1 4NM3)

READ (B, 08RAZ Y (NLAVMB (1) s 1 =1 NM8Y
READ(S5416072) (MACH(Bal)el=1aNv8)
READ (541870 )(XDB8(J)eJ=] +NXDS8)

01520 1=1 4NME - |
NTE=NTHER ()
15270 RTAD(S41670) (THAB (14<) 1K=14NTS)

T B
NL=NLAVB ()
1821 READ(S+186N “)(LQM8(Iol)sL—19NL)

C  THE INPUT FOR APPLYING THE PROGRAM TO A DARTICULAQ VEHICLE BEGINS

C WITH THE FOLLOWING READ STATEMENT AND CONTINUES THROUGH TEN
C SUCCESSIVE READ STATEMENTS
9016 READ (549503 )HEAD

READ (549502 )NCMPS s NMACHN ¢ NOXS ¢ NDX s NC1 ¢ NC2 +NC3sNFCYCM ¢ NTHFRR « NPUNCH

READ(S541600)THNR TH3R 4 FARZFNR

READ(S 41800 )IXRG ¢ XRS 4 XR7 ¢DX4 4DXS sDXT7 e XR1C
READ(S+ 1670 (THFRP (N}« N=1 «NTHFRR)
READ(541670) (DDRR(J) s J=1 +NFCYCM)
READ(S549502) (COVPNO (1) e 1=1 e NCMPS)

READ (5419502 (NXS(1)e1=1 NCMPS)
READ(S+1602) (D2 (1 )sl=14NCMPS)

READ (54 1600) (MACHN(K) +K=1 ¢« NMACHN)
REAL(S541600) (X3 (M) 4121 ¢ NOXS)
WRITE(6+9504 )HEAD

WRITE(649004 )INCVPS s NMACHNsNOXS ¢ NDXaNC1 o NC2¢NC3¢NFCYCMosNTHFRR « NPUNC

1H

WRITE(6+90CS) THNR sy TH3R s FAR s FNR
WRITE(E19007 IXR44 XRT 4 XRT74DX4 4DXS54DXT74XR1C
WRITE(649503 ) (THFRR (N) ¢ N=1 ¢ NTHFRR)
WRITE(6+9506) (DDRR(J) s J=1sNFCYCM)
WRITE(HsTOIDI(CULVPNO(I) osDO(I)eNXS(I)a1=1NCMPS)
NMI=n

LLL=0

N
o
)
O

V XIANHddAV
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901%

10C02

536

1717

1113

1122

-4
o unon
O -

Z Mo
[ T

1

LCN=Qe

FANSZ2=Qe

MM =0

JBa=

THFR=THFRR (J%)

CDR=DDRR (JU3)

NMI=NVT+1
IF(NMI-NMACHN)G01543015+9016
MR=MACHN (NM] )
IF({MReGF e15e ) MR=15,
WRITE(5492011 )MR

NBC1=0

<K2=0

LLL=LLL+1
IF(LLL=NCMPR)IBER64+526,2000
N=COMPNO (LLL)

CX=DN (LLL)

NX=NXS (LLL)

KK1=kKK2+1

KK2=KK1+NX-1

MM=0

11=NMACH (N)
GOTO(142+344+5¢64748) N
THNR1=eC1 74S%THNR
LCN=DO(LLL)/(2e* (SIN(THNRI}/COS(THNR1)))
CX=LCN

YAR=THNR

K8=NXL1

J1=1

CO1113K=14NXL1

X (Ky=XL1(K)

CALL MACHXD (11 eNsMRWLCNIXRICsMMyNDXsJ1 9DDRaI7+aTHFReNNIL»
XT aNXaNDeMMY g Jol 1 9 KK]1 o KKZaDXoLLL)
K3=NTHN1 (1)

DO1119K=1,K3

V XIONHddV
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1119

1112

42

47

44

329

YA(KY=STHNT (1K)
NL =NLAM1 (1)
CO1112<K=1NL
LAM(IK)Y=LAML (1 4K)
GOTC1N75S
LCN=FNR*DX
CX=LCN
YAR=FNR
K8=NXL2
Ji=1
CO42K=1 ¢ NXL2
X(Ky=XL2(K)

CALL MACHXD (11 +NsMRILCNsXRICMMINDX s J1 +DDRs ] 7e THFR 4NN o

XToNX s NDeMMMy Jg 14 KK1 4 KK24DXobLL)
K2=NFNZ2 (1)
NL=NLAMZ2 (1)
DO44K=1 K3
YA (K )Y=FEN2 (] 4K
YAR=FNR
CO45K=1 +NL
LAM(K)=LAM2 (14K
GOTO1975

J1=1 ' S

CALL MACHXD(I1 aNsMRLCNIXRIC MM INDX s J1 +DDRs I 7sTHFR¢NNI 4
XTaNXeNDaVMM g Jal 1 9<iK1 ¢ KK2¢DXoLLLL)

IF(NNIeEQ241)GOTO33S

M1 (1 )Y=MACH(341)

Y1 (2)="ACH(3414+1)

A11(1)y=AC(T)

All1(2)y=A(I+1)

CALL DISCOT(MRIMR¢M1 4A114A114=10+2404ANS)

CO1051K=14NX
ANB(K)=Be#2e14%¥DC(LLL)IF¥ANSH* (¢5=-XX(K))F (] e=XX({K) )#XX(K)
NECl=1

FANS3=AN3 (NX)

KK3=0

KKK3=KK2~1

CO1052K=KK] +KKK3

KKZ2=KK3+1

V XIAONdddV
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WRITE(H«9NTD)IXES (K )y AN3(KK3)
IF (NPUNCH¢EQe 1 YCOITOR=RS
GOTO10EZ2
PUNCHIO 220 4 XS (K) ¢ AN3(KIK3)
CONT INUE
GOTO1Q00
ANS=A(I])
GOTO240
4 K8=NXD4
J1=1
61 Z062K=14+NXD4
62 X (K)=XD4 (K)
CALL MACHXD(I1eNaVRILCNaXRIC«MMaNDXaJ1 1DDRe17+THFRaNNI»
XTaNXaNDeMMMy Jgl ] ¢ <] g KKZ29DXoLLL)
IF(NNI «EQe1)GOTOALND
IF(((MACH(4.1).GE.I.35).OQ-(MACH(491)oLTal035.AND¢MACH(4!2).GT.
X1 e25)) e ANDe (MReLEe1 e¢35))G0TO63
6170 K3=NEN4 (1)
NL=NLAM4 (1)
CO64K=14+K3
64 YA(K)Y=FN4(I,K)
YAR=FNR
CO65K=1 s« NL
€5 LAM(K)=LAM4 (] 4K)
GCTO1N75
63 WRITE(6+9003)
GOTO1000
5 YAR=THNR
K8=NXD5
J1=1
CO52K=1+NXD5
52 X(K)=XD5(K) e
CALL MACHXD(I1 4sNegMRLCNaXRICsMMaNDXsJ] ¢eDDRaI 7« THFR¢NNLs
XToaNXoeNDaMMMiqg Jall1l <] 4 KK24DXoLLLL)
520 KZ2Z=NTHNS(I)
NL=NLAMS (1)
DOSS532K =1 4K3
5532 YA(K)I=THNS (1K)
COE533K=1 ¢+NL

Ul

—
O N
8]

IRV IS

(]
[}
(@)

V XION3ddV
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5533 LAM(K)=LAMS(14K)
1075 CALL INTP (NyNX+sYARINLIKBINNL s J1 s I sLCNJFNR\FANS2+FANSIIsMRINCL s
XXR4 s DX4 s NDXaNC2 9 XRS5 sDXS KK 1 ¢ KK2 o LLL o MM 4 NBC1 « NPUNCH)
IF(NN]I eEQoel e OReJ! « GTe2)GOTO775
1013 IF(NeEQel)GOTO1120
IF(NeEQe2)GOT0N47
[F(NeEQe5e0ReNeEGeEeOReNeEQe7)GOTO520
IF(NeEQes4)YGOTOB10
IF(Ne=Qe8)GOTO1304
775 IF(NeEQe6H)GOTOB276 ' ' S ST
IF(NeEQe7)GOTO1750 B o
GOTO1000
1750 MR=MR7
NN1=NN707
1=17 o I
IF(((DDR=DDR7(Is1))alLTe~slE=7)eANDeL1e¢ZQe1)GOTOL1059
IF(((DDR=DDR7(l el ))eLTe—el1%—7)e ANDeL]1eEQe2eANDe ( (THFR=-THF7 (1 s Js1
X))eLTe—elE-7))GOTO1751
IF((THER=THF7(l ¢Js1))elLTe—elE-7)GOTO1751
IT((DOCR-DDR7 (I 4ND))eGTeelE~-7)G0O0TO1060
1751 N3C=1
CO1961K2=1 ¢NX
XX (K2)=XXT(K2)
1061 AALl (K2)=A4 (K2)
THFR=THF7 (1 sJs1)
GOTO1562
1059 THNR=THNR! - o ' ’ o
DO1067K2=1 +NX
1067 Al (1.K2)=A4(K2)
GOTO1053
1060 CO1063K2=1sNX
Al (2.K2)=A4(K2)
1065 XX(KZ)=XX7(K2)
GOTO1053
8276 CO7728K2=1NX
XX (K2 )=XX6(K2)
7728 A1 (1.K2)=A4(K2)
NBC=1
GO0T08275

V XIaNd4ddV
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6 MM=6
THFR1 =401 745#%THFR
NN2=9
Jl=1
[IF{(FAR=-4¢)eGEe—e LE~T)FAR=4,

CALL MACHXD(I1 +NsMRyLCNsXR1C MM sNDXosJ1 +DDRsI 79 THFRsNNT s

XTI e NXaNDaMMM g Jgb 1 o<1 o KK24DX s LLL)
8103 L1=1
L2=1
L3=1
La=1
E1=0.
EZ2=0s
E3=0e
S4=0,
NN3=0
NN4 =0
NBC=0
250 NTN=NTHNG (1)
C0251J=14NTN
IF(ABS{THNR=THNG6(1+J))sLEee1E-7)G0T0252
251 CONTINUE
IF(THNR«LT«THNG (1 +1))G0T0253
DO09135J=24NTN
IF(THNRLTeTHNG (1 4U))G0T0254
9135 CONTINUE
J=NTN-1
GOT08254
253 J=1
GOT0B254
254 J=J-1
GOT0O8254
252 J=J
NN2=1
8254 NTF=NTHF6(I4J)
C08257K=14NTF
IF(ABS (THFR=THFE (14JsK))eLEs e l1E~7)GOTO8258
8257 CONTINUE

8256 IF (THFReLTeTHF6(15J41))GOTOB260

vV XIANHddV



99

8268

8255

8258

8260
8270
8273

8275

8261

1999

C08268K=2NTF
IF(THFReLTeTHFE (1 4J4K))GOTOB255
CONT INUE

K=NTF-1

GOT08261

K=K=-1

GOT0826}

K=K

NN3=1

GoTo8261
COB8270KZ2=1 sNX

XX6 (K2)=XX(K2)
NN6O6=NN1 )
THNRS=THNR
THNR=THNG (14J)
THFRS=THTR

16=1
MR 6 =MR
MR=MACH (64 1)
[1=NMACH (5)
N=S
GOTOS

:I6
NN1=NN606
THNR=THNRS
THFR=THF6 (1 +Js1)
MR=MR6&
L1=2
K=1
IF(Ke=Qe1)G0TO8T5S
LL1=1
LL2=0
LL3=1
LLa=0
KK =K -1
BO1999L =1 4KK
LL1=LLI+NLAMS (T aJsl)
LL3=LL34NFAS (T aJal)
£02002L=1 4K

¥V XIONHddV
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2002

8755

8nnc2

8003

8004

8901

81

8902

89Ca

8903

8905

LL2=LL2+NLAMA (] o JWlL)

LLA=LLA+NFAB (T4 Jsl)

GOT08022

LtL1=1

L2=NLAME (14J41)

LL3=1

LL4=NFAG(Tadal)
NL =0

CO8nN3L=LLl.LL2

NL=NL+1
LAM(NL)YSLAMA (1 4JsL)
NF =C
CO80N4L=LL 3 LL4
NF=NF+1
EA(NF)ISFAG (T v Jal)
KI1T(NF)=K1(Tadsl)

COBQ1K2=1 4NX

XX1=XX(K2)

CALL DISCOT(FARIXX1sFAJLAMsXDE114NL I NXDEWANS] )
Al (L1+.K2)=ANSI '
COB901L=1sNF
IF(ABS(FAR-FA(L))elLEselE~7)GOTOB903

CONT INUE

IF(FARLLTFA(1))GOTOB902

COB1L=24NF

IF (FARGLTFA(L))IGOTO8204

CONT INUE
L=NF-1
GOT08905
L=1
GOT08905
L=L-1
GOT08905
L=
NN4=1
IF(NN4+EQe 1 )GOTO8906
IF(K11(L)eEQel o4 NDeK11(L+1)eEQel )GO0TO259
IF(K11(L)eEQeNeANDeKI1 (L+1)eEQeN)GOTOBLS
IF (K11 (L)eEQeNsANDeKI1I (L+]1)e=QelIGOTOB03

V XIANHdAV
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IF(K11(L)eEQel e ANDeK11(L+1)s=Qe0)GOTO8910
8906 IF(K11(L)e=Qe0)IGOTO8B15
GOT0259 )
8909 K6=L
802 K5=NL
K3=NF
GOTO814
8910 KA=[_+1
G0TO8N2
818 E1=F1+1e
MNT1=L1
GNTO259
814 COBIENN=KGEKS4K3
816 LAMINN)I=1 «1¥LAM (NN)
XX1=XX (1)
CALL DISCOT(FARIXX1+FASLAMaXDE11 oNL ¢NXDEIANS2)
IF(ABS( (AL (L1+s1)=ANS2)I/AL(L1+s1))elLTeen2)GOTO2ST

E1=El+1e
MN11=L1

259 IF(NN3.EQe1)G0T0260
Ll=L1+1
IF(L1-2)2588,2788,4261

2588 K=K+1
G0TO8251

261 IF(NBC«EQe1)YG0TO807
THE(1)=THF6( 1 4JK~-1)
THFE(2)=THF6( 1 +JsK)
GOTO808

807 THF(1)=0s
THE(2)=THF6([+Jsl)
THFR=THFRS '

B08 COB0N3K2=1,NX
AT1(1)=A1(14K2)
A11(2)=A1(24,K2)

CALL DISCOT(THFRWTHF Ry THFE +A114A114-10+2+04ANS1)

803 AZ2(L2+K2)=ANS1
IF(ElelLTeslE~7)0L0T0262
IF((El=le)elLEeelE~7)GOTOBOS

8CH FE2=FE2+1 4

V XIANdIddV



267

8077

809

88c8

265
270

268

272

65

MNIT1=L2

GOTO262

AlT(MNITI)=1el>*A1 (MN11as1)

CALL DISCOTU(THFRyTHFR«THF A1 14A11+s=~1Ce2+40+ANS2)
IF(ABS ( (A2 (L2421 )=ANS2)I/A2(L2¢1)) eLZee02)G0T0O262
GOTCO8C6

C0263<2=1+NX

AZ2(L2+K2)=A1 (L1 +4X2)

E2=E1

[FINNZeZQe 1l )GOTC265

L2=L2+1

[F(L2-2)266¢2664+257

L1=1 _

J=J+1 - #¥I=C

F1=0

GOTO8254

TN(1)Y=THN6(I +J-1)

TN(2)y=THN6 (I 4+J)

CO8B8N77K2=1+NX

AZ22(1)Y=22(1.X2)

AZ22(2)1=A2(2+K2)

CALL DISCOT(THNR s THNRI TN sA224+:A22¢—-1042+0Q0+4ANS1T)
A3 (L2+K2)=ANS]

IF(E2el.,CeeliE-7)G0TO268
IF((E2-1e)elLEael=E~7)GOTOEBOS8

E3=E3+1.

MN11=L3

GOTO268

A22(MN11)=1el*AZ2(MN11s1)

CALL DISCOT(THNRZyTHNR s TN s A224A22¢=10424¢0+ANS2)
IF(ARBS((AZR(L241 )-ANS2)/A3(L341 ) )elLEeea021G0T0O268
GOTO8N9 '
CORTNK2=1 4 NX

AB(L2.K2)=A2(L2.K2)

E3=E2

IF(NNI «EQe1)YGOTOZ71

L3=_3+!1

IF(L3=2)2724272+273

I=1+1

V XIONHIdAdV



09

271
274

273

8672

278

277

5586
8277

1N4ag

L1=1 o
L2=1_ gap=e - S
El1=Ne /P3:

F2=0,

GOTO250 )

CO274K2=1 ¢NX

A4 (K2)1=A3(L3+K2)

E4=E£3

GOT0277

M1 (1)=MACH(64+1~-1)

M1 {(2)=MACH(641)

DO8672K2=1 +NX

A32(1)=A3(1.K2)

AR3(2)=A3(24%2)

CALL DISCOTU(MR MR 4M1 4sA33¢A3234-1042+40+¢ANS1)
A4 (K2)=ANS1

[F(E3elLTeslE~-7)GOTO277
IF((E3=1s)elTeelE-7)50TO278

E4=E4+1

GOT0277

ARZ(MN1IL1)=141#AR(MNI] 1)

CALL DISCOT(MRWMR M1 yA334A334-10+2+01ANS2)
IF(ABS( (A4 (1)=ANS2)/A4(1))elLE ¢402)G0OT0277
F4=F4+1.

KK3=0

COB277K2=KK1 4K2

KK 3=KKK3+1

CX=DO(LLL)¥ (] a+2e¥XX (KIK3)#SIN(THFR1)/COS(THFR1 )
ANS=DX*#A4 (KK3)

WRITE(6+9N020)IXS (K2) « ANS

[F(NPUNCH«ZQe1 )GOTOES6

GOoTO8277

PUNCH®C00 ¢ XS (K2 ) 4 ANS

CONT INUE

GOTO1200

MM =7

NBC=n0

Li=t

V XIANdddV



19

1021

1776

1028
1029

1012
1063

1057

1058
1775

L2=1
N2 =

CALL MACHXD(I1aNsVRILCNIXRIC oMM INDX9sJ1 +CDReI7eTHFR NN

XTaNXoND e MMMy ol 19 <K 14 KiK29DX o LLL)
ND=NDDR7 (1)

I ((DDR=-DDR7 (I 41))elLTe~el1Z-7)GOTO1057
DO1077J=1 +ND

IF (ABS (DDR-DDR7 (1 +Ji)eLEeslE-7)G0TO1027
CONT INUE

IF (NDeG=42)GOTO1776

J=1

GOTO1035

CO1028J=24iD

IF (DDReLTeDIDR7(14J;)50TO1011
CONTINUE

J=ND

GOTC19225

J=J-1

GOTO1035

J=J

NNZ2 =1
IF((THFR=THF7(T+Js1))elLTe—e1E=7)G0OTO1050
GOTO1062

THFR1=THER

17=1

DCOLA1 2k =1 §NX

XXT (K)=XX (<)

NN707=NN1

MR7=MR

MR=MACH (74 1)

I1=NMACH (S)

N=5

GOTOS

THNR1=THNR

THNR=THF R

17=1

DCOL1775K=1 4NX

XX7 (K)=XX(K)

V XIANHddV
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GOT01063
1062 NTF=NTHF7(1+J)
NL=NLAM7 (1 +J)
CN1064L=] (NTF
1064 THFE(L)=THF7(1sJsLl)
SO1N7IL =1 4NL
1073 LAM(L)=LAM7(L1sJsL)
CO1C55K2=1 +NX
XX1=XX(K2)
CALL DISCOT(THFReXX1 s THF sLAMsXD7411 «NLsNXD74ANS)
1055 Al (L1+K2)=ANS ' ’
IF(NBCeEQae1)GOTO1089
GOTO1CS3
1089 THFR=THFR1
THF(1)=%
THF(2)=THF7( ! sJsl)
CO777K2=1 yNX o
AA2 (1)=AA1(K2)
AA2(2)=A1 (L1+K2)
CALL DISCOT(THFR+THFR s THF AA24AA2+—1042+04ANS)
777 A1 (L1+K2)=ANS
1053 IF(NN2.EQe1)GOTO1086
L1=L1+1 '
IF(L1-2)1045+,104541088
1045 IS ((DDR~DDR7(141))elTe~el15-7)G0TO1048

IF(((DDR=DDR7(I +sND) Y eGToeelE=7) e ANCe ( (THFR=-THF 7 (14 Jy

X—el1E=7))G0OTO1046
[F ( (DDR=DDR7 (I 4ND))eGTeasl5-7)GOTO1050 T

J=J+1 ’ S

GNTQ102S

1048 J=1
GOTO1035

1046 CO1N4TK2=1 2NX

1047 A1 (L1.K2)=AAL (K2)

1088 IF((DDR=-DDR7(I1+1))elLTe—-elE-7)G0OTO1068
IF((DOR=DDRT7 (I WND) ) eGTeel1E=7)C0TO1070
DZ2(1)Y=0DR7(1yJ=-1) ’
C2(2)=DOR7(14+J)

1)y)elTe

V XIaNdddV
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1N59 001098k 2=14NX
A11(1)=A1(14K2)
A11(2)=RA1(24K2)
CALL DISCCT(DDRZCDR4D2+A114A114~10+2+04ANS)
1098 A2(L2:X2)=ANS
GOTO1085
1068 T2(1)=0s
C2(2)=DDR7 (1,41
GOTNINGS
1072 C2(1)=BDR7 (1 WND)
T2(2)=1.
GOTO1769
1086 CO1087K2=1NX
1087 A2(L2+K2)=A1(1K2)
1085 IF(NM14EGe1)GOTO1091
L2=2+1
[E(L2-2)10924,1092,1092
1092 L1=1
NN2=0
=1+1
GOT01021
1093 M1 (1)=MACH(7,1-1)
M1 (2)=MACH(74+1)
CO1NS4K2=1 +NX
Al12(1)=A2(14+K2)
A12(2)=A2(2+K2)
CALL DISCOT(MRWMR4MI 4Al2:1A124~1012404+AN5)
1094 A4 (K2)=ANS
GOTO1097
1021 KK3=n
DO1799K2=KK ] +KK2
KK3=KK3+1
1099 A4 (KK3)=A2(1 +KK3)
1097 KK3=n
DO1096K2=KIK] 4KK2
MK 3=KK3+1
IF(JSeEQeNFCYCM)GOTO1250
GOT01231
1250 IF(NC3+E041)G0OT01228

V XIANHddV
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1231 ANS=A4 (KK 3)#DX
GOTO1227

1228 1F(ABS(XS(K2)=XR7)eLEe«elE-71G0T01229
G0oT01232 ’ ’

1230 ANS=A4 (KK3)#DX7

1227 WRITE (6+2000)1XS(K2) «ANS
IF(NPUNCH.ZQe1)GOTO557
GOTD1096

557 PUNCHOCOD + XS (K2)+ANS
GOTO1296

1229 ANS=A4 (KK3)*DX
WRITE (649000 )XS(K2) +ANS

IF(NPUNCHe=ZQe1 )GOTOS38
GOT01230
558 PUNCHI000 «XS (K2 )+ ANS
GOTO1230 ) _
1232 IF((NDXeEQeQeANDeXS(KZ2)eGTeXR7)eORe (NDXeZQoel e ANDaXS(K2)eLTeXR7))
XGOTO1230
GOoTO1231
1796 CONTINUE
IF(NFCYCMeGCTea1)GOTO1292
GOTO1INNN
1292 JUS=U5+1
IF(JSeGTeNFCYCM)IGOTO1000
THFR=THFRR (J3)
CDOR=DDRR (J5)
FAR=4 45
GOTC100C0
8 YAR=THS3R
<B8=NXD8
Ji1=1
CO1301K=1,NXD8
1301 X(K)=XD8(K)
CALL MACHXD(I1 4sNaMRIyL CNaXR1ICsMMaNDXsJ1 +DDRs 17+ THFR«NN1 s
XTaNXaNDaMMY g Jol 1 9I<K1 4 KiK24IDX oL LLL)
[F(NN]1eEQe1)3D0TO1304
IFC((MACH (841 )eTE 01 635)e0Re (MACH(Bs1)eLTel e35eANDeMACH(B42)eGTe
X1e35))eANTC e (MRelLEZ el e33))60TO91
1304 K3=NTHBE (1)

V XIaNdIddV



G9

13C2

1373
91
1600

gone
300!

9005 FORMAT (1XSHTHNR=FBe 3, 3XSHTHER=FBe342X4HFAR=FBe3414X4HFNR=FB84¢3)
9C07 FORMAT(1XAHXRA=FIe343X4HXRI=FO ¢312X4HXR7T=FBe304X4HDXE=FB43,
XIXLHDXS=FBe2 ¢ 3IX4A0X7=F7 e 394 X5HXR1C=F843) ' ) ’

9502
9503
9504
S004

G010 FORMAT(1X/1XIHCOMPNO( I )3XSHOO (I )SXOHNXS (I )1/ (ID47XFBe3¢4X15))

9011
9003

9006 FORMAT (1X109HNO FIXED INPUT DATA FOR BOATTAIL FOLLOWING LONG CYLIN

9505
9506

DO13n2K=1 4K3
YA(K)I=THB8 (1 +K)
NL=NLAMB (1)
SO1373K=1 4N
LAM(KY=LAMEB (] .K
GOTO1975
WRITE(6497°06)
GOTO1000
FORMAT(1QF 743)
FORMAT (251648)

—

FORMAT (IX66HTHE D_AM3CA VALUES SOR THE FRUSTUM ARE ESTIMATED FOR T

IHIS MACH NO.)

FORMAT(1413)
FORMAT (1X11A8)
FORMAT(1H14+11A6/40X16HINPUT PARAMETERS)

FORMAT (1 X6HNCMPS=13 ¢ SX7HNMACHN= 154 3IXSHNOXS= 15+ 6X4HNDX=I546X4HNCL =]
124 3X4HNC2=1243X4HNC3=1243X7HNFCYCM=]243X7THNTHFRR=124 3X7HNPUNCH=12)

FORMAT (1X/1XSHMACH=F7e¢32//6XTHSTATIONSXT7THDLAMBLA)

FORMAT (IX10O1HNO FIXZD INPUT DATA FOR CYLINDER FOLLOWING OGIVE

1UBSONIC AND TRANSONIC RANGE ARE INPUT TO PROGRAM)

1CER IN SUBSONIC AND TRANSONIC RANGE ARE
FORMAT(1X/SXBHTHFRR(T1)/ (1X5F843))
FORMAT (IX/EXT7HDDRR(I)/(1X5F8e3))

END

INPUT TO PROGRAM)

IN

S

V XIANAddV
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SUBROUTINE MACHXD (11 +sNsMRILCNXR1IC s MM 4NDX+J1 sDDR 17
XTHFRONNT o T oNX o ND o MMMy J gL 1 9K<1 ¢ KIK29DXaLLL)
CALCULATION OF WMACH NUVMBERS USED IN INTERPOLATION AND CONVERSION OF
STATIONS INTO X/D0 OR X/L VALUES ' S
REAL MACH M1 4LCNoMACHN LAM] yLAM2 L AMS ,LAME JLAMT7 4 LAME 4 LAM yMR
COMMON NMACH (8) oNTHN1 (14 ) sNLAML (14) ¢yMACH(B+16) s THN1 (1441 7)+4XL1(6) s
TLAMI (14 9102) oNLAMZ2(T7) sNFN2(T7) e XL2(21 ) sFN2(745)21LAMZ(74105)4A(12)
2NLAMA(S) sNFNA (5) 9 XD4 (14 ) sFNA(S43) sLAMG (5442) yNLAMS(16) sNTHNS(16) »
3XDS(24) s THNS(1549) 4 LAMS (1542156 ) 'NTHNE (B ) yNTHFOE (B 43 )
4NFAG(B89344) s NLAME (84344 ) s NTOTLE(B43 ) NTOTFA(B43)sTHNG6(E43)
SXDOE(1B)Y s THFE (B84 e4) 1 LAME(B4342B8)+sFAS(Ba3416)sK1 (843416,
HENDDR7 (8B ) ¢sNTHF7 (84 3) s NLAM7 (S43)aDORT7(B43) s THE7(B1344 ) yLAMT (893,98 s
TXDT7 (24 ) «NTHRB(8) s THHB(845) e XDB(12)+LAMB (8460 ) « NLAMB(8)
COMMON HEAD(11)sXX{100)+X(23)LAM(Z225)sNXS(14)+4XS(350)+D0(14),
LAL(2+5100)«YA(1T7)aTN(2) +MACHN(15)
COMMON A2(2+100)sA3(2¢100)9sM1(2)+A11(2)+A4(100)+1AAL(100)
TANZ(5) o XX6 (100 ) 1 FA(4) K11 (4) 4 THF (4) 4 A22(2) 2 A33(2 )4 XXT(100) sAA2(2)
202(2)+4A12(2)+COMPNO(14)+A44 (2,100) s THFRR(S) 4DDRR(S)
100 NN1=0
CO1011=1411
IF (ABS (MACH (N, I)=MR)eLEeelE~7)GOTO102
101 CONTINUE
GOTO103
102 NN1=1
1=1
GOTOL104
103 IF(MReLTeMACH(NS1))GOTOL103
IF(MReGTeMACH (NSI11))60T0106
CO1n7I=1411
IF(MR-MACH(Ns1))1084+108,+,107
107 CONTINUE
1728 1=1-1
GOTO1N4
125 1=1
GATO1 4
174 I=11-1
174 IF (NeTQeR)GOTN4113
GOTN4l112
4112 IF(MMeEQe6)GOTN411S

V XIANHddV
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TF(MMeEQe7eANDe ((D2R=DDRT(I 741 ) ) el Ta~elE=7)eANDo (L1 ¢EQel)
X)GOTQo4121 . ’
IF (MMeSQe7eANDe ((DDR-DDOR7(1741))eLTo—elE-7)eANDelLLleEQeZeANDe
X{(THFR=THF7([7¢Jsl})eLTe—alZ=7))G0T0O4122 .
IF((MMeEQe7) e ANDo ({THFR=THF 7 (1 7sJs 1)) el Te—elE~7))G0T04122
IF((MMeEQe7) e AND e ( (DDR=-DDR7(I7aND))eGTaelE=7)3IGOTO4I2Z ’
GOTC4al112
4115 N=6
XR1=XR1C
GOT04109
4121 N=7
GOTO4112
4122 N=7
XR1=XR1C
GOT04109
4112 IF(NeZQelaOReNeEQe2)G0TC41CH
XR1=XS(KK1)
4109 IF(NDXeEQel)GCTC4107
KK3=0
L0441 06K=KK]1 42
KK3=KK3+1
4106 XX(KK3)=(XS(K)=XR1)/DX
GCTO110
4107 KK3=0
CO410MBK=KK] + K2
KK3=KK3+1
4108 XX(KK3)=(XR1-X5(K))/DX
GOTO1190
4104 IF(NDXeEQeD)IXR1=XS(KK2)=LCN
IF(NDXeEQel ) XR1=XS(KK2)+LCN
GOT04109
110 RETURN
FND

V XION3ddV
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T TO1IO076KZ=1NX T Tt T e
- XX1EXX (K2Y 7 T T T e o T
CALL DISCOT(YARIXXLaYAsLAMaXs114NLIKB;  ANS ) o rmr e e
1076 A44(J1.K2)=ANS [
1017 1F(NN1.EQ.1)GOT01013'__'“'”_‘””””"”_”“"”*’*"_"_ ) T T
- r=orsl S R e e e e
T TTIF(JU1-231C1341013s1014 0 T T/
B e 1 Y 2
RETURN
T 1014 IF(MMeEQe6e0ReMMeEQo 7)N 5 ST T N
o ML (1)y=sMACH(N,I=-1Y T T T
ML (2 ) =MACH (N T ) S e
‘00S5108K2=1 +N¥ Tt T Tt T T e
A1l (1)=Aa4 (1K2) T ' T
AL1(2)=A4d (2 ko) o . e e e
) CALL DISCOT(MR.MQ Ml.All.All.—lo.z.o ANS)'"‘"‘“*""'“"“'“"“W%"‘”“““
‘5108 A4{K2)=ANS T Tttt T T
60T05100 . . . - e e
T 1015 C010168K2=1aNX 0 T T T S T e
T 1016”7 A4(K2)—A44<1.K2) Toomn T T o T T e e

SUBROUTINE INTP (NWNXyYAR NLsK89NquJ1qIsLCNoFNRqFANSE»FANS@ZMRo
XNC14XR4 +DX4 s NDX sNCZ9 XRS5 1DX53KK1 +KK24LLL « MMaNBC1 4 NPUNCH)

i INTERPOLATION ROUTINE FOR COMPONENTS 142+.4+54 AND 8 T

REAL MACH MR sM1 s LCN+sMACHNsLAMI 1LAMZ s LAMEA s LAMS s LAMGE s LAMT7 s LAMB4LAM

COMMON NMACH (8) sNTHNI (14)sNLAMI(14)VMACH (84T« THNLI (144171 XLT(6Ys

__TEAMTK(4}T6EY{QCAME(777NEN§T7Y.YE2?§TT;ﬁNéT?TETTEKME???105);A(12).
2NLAM4<5).NFN4<5).XD4(14).FN4<5.5).LAM4(5.43).NLAMS(T@T]NTHNS(lé).
C 3XDSH(24) s THNS (16491 4LAMS(16+216) «NTHNE(8) ¢y NTHFE(8+3)s T

TANFAG(84344) «NLAME (84394) s NTOTLE(Be3) «NTOTFA(B+3),THNE(8+,3), ~ 777

T5XD6(18) s THF6 (81344 ) «LAME(843,288)+FAG(B843416)1K1(Be43+16)0 T o
6ENDDR7(8) ¢NTHF 7 (833 ) sNLAMT(843) sDDR7 (B4 31 s THF7{B234¢4 ) LAMT7 (843,360

TXD7(24)yNTHB8(8) 4 THBB(8145)+XD8(12)+LAMB(8,60) +NLAMB (B)

~ 'COMMON" HEAD(11).XX(lOO),X(25).LAM(225)9NXS(14>.x5(°50>.00(14).
1AL (2+,100)sYA(IT7)eTN(2) s MACHN(15) ' T
COMMON A2(2+:100)+A3(2+,100) M1 (2)sAL1(2)sA4(100)sAALI(100)s 77

’1AN3(5),xxe<100).FA<4).K11(4).THF(4\.A22<2),A33<2),xx7<100).AA2(2)."

2D2(2)+AT2(2)+CON 3NO(14)9A44(20lOO)oTHFQR(5)oDDQQ(5)

5109 KK326 - - e S et e e e

V XIONHddV
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TTF(MMeEQeH e OReMMeEG e 7 )N=MM

) TOS110K2=2KK1 +KK2 Cor o mm e
KK3=KK3+1

o T IF(NWEQ.11G0TO916 o Ty e

o T T IF(NWEQ.2)GOTO1017 /e e
TF(NeEQe4eOReNeEQe5)GOTOI020

T T T IF(NGEQe6+eCReNeEQe7IGOTOS110

o IF(NeEQe8)GOTO1305

916'THNR1-.01745*YAR '
T T 7T px= 2.*(<IN(THNR1)/POS<THNQ1))*XX(KKa)xLCN .

- GOTO1019
1017 CX=2e*DO (LLL)* (#25-FNR¥#2+SQART ( (FNR#*¥2+425) # %2~ (XX (KK3) ¥FNR-FNR
T hyxxR2yy '

"'GOT01019

1305 THBR1=.01745%YAR
T T T DX= DO(LLL)*(I.—2.*XX(KK3)*SIN(THbQ1)/COS(THDRI))
T GOTo01019 T Tt o T
) 1020 Ox=D0o (LLL)
TTOI9 ANS=DX#A4 (Kk3)
T T TF(NeEQe11GOTO774
T TIF(NeEQe2)GOTO776
T T TIF (NeEQe4)GOTO779 T
IF(N.‘EG”S‘)G"CTT_O'?W”BA* - ) oy

74

TIF(NeEQ«8)GOTOT782
TFINBC1 eEQel e ANDeKK3eEQo 1)AN5—(ANS+FAVS3)/2."”'“”" T

TWRITE(64:9000)XS(K2)4sANS T T N o
'IF(NPUNCH Eo.l)GOTo55= ' T T
TTTTTTTTEOT05110 T T o T T T
555 PUNCHgooo.XS(KZ).ANS'"‘“'_““_“"" Tt T
e S e e e e e e e e e
76 T IF (NBC1eEQel s AND' KK?.EO-I)GOT0605 T T T
T TR (KK 3eEQeNXIGOTOTTT T T T T T T e
T "WRITE(éoQOOO)XS(KZ)-ANS” e T T
- IF (NPUNCH, Eo.1)GOT0%62 N T
IR cTo R Ho L% 15 Ns RN T/
U562 PUNCHS000 XS (K2)yANS - T T
GOTO5110 )
777 FANS2=ANS

V XIANHddAV
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GOoTO5110
605 ANS=(FANS3+ANS)/2e
WRITE(6+9000)XS(K2)+sANS

- IF (NPUNCHWEQW1)G0TOSSe 7 7 m7mm o=
o GOTO5110 o
T 588 PUNCH9000,XS{K2)sANS __ ~ _ _—  — — —

GOTOS5110 ) T T e e e
1778 IF(NCI.EQ.I)GOTOIEZB o o '

T GoTo1227 L
1228 IF(ABS (XS (K2)-XR5)eLEeeslE-7)160T01229 ’ ' -
IF((NDXeEQeQeANDeXS(K2)eGT e XR5)eORe (NDXeEQel ¢ ANDeXS (K2) oL Te

XXR5))GOT01230 _ B S
om0l a0y _ U
1229 WRITE(619000)XS(K2)+ANS S
o IF (NPUNCHeEQ41)GOTO557 S
1230 ANS=ANS/DX*DX5 ' ' - . S '
1227 WRITE(6+19000)XS(K2)sANS -
IF (NPUNCHsEQe1)GOTOS60
GOTOS110 e
557 PUNCH9000sXS (K2)sANS S i
GOT01230 T T o T
560 PUNCHI000 XS (K2) s ANS s
© GOTOS5110 ' T T e e o o
779 IF(KK3«EQe1)GOTOG111 o -
IF(NC2.EQe1)G0OTO1328 o T T e ' o
”1327'WRITE<6.goob)XS<K2).ANS'”"___“”“‘“" h o
) ) IF(NPUNCHsERW1)GOTOSS8
coTos110 e e e
558 PUNCHI000.XS(K2)sANS —— 77— o T

- T U GoTosiie T - T '

6111 ANS=(FANS2+ANS)Y /2, = 7 0 T T rTrmimoomonmmen o e
- T ebToOtzZ2YT T~ oov,r— /0 e e e T -
'1328”I?YKES(X§(K2i:&ﬁd)EEEICTE'7T€6f6i§§© T T

IF (UNDX¢EQe0sANDe XS {KKZ) s GT o XR4) s OR ¢ (NDX e EQe T WAND XS(KE).“”“”M“”“““"

T XLTW.xR4)160T01330 T e LeANDeXS(Reds

T T TG0T01327

| 1329 WRITE(6:9800)XS(KB) (AN 777 7 i e . e .

‘ ' 1=(NPUNCH._Q.1)GOT0559 N T
T 1330 ANS=ZANS/DX¥DXa T e —

V XION3ddV
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782 WRITE(6+90C0)XS(K2)+ANS

NPY T = (JJ=-T1#NX+NPX (1)
NPX(T)=NPX (1) o

IF(NPUNCH.EO l)GOT0561
T T G6O0TO5110 T
i 559 PUNCHQOOOsXS(KE).ANQ o T - T
T T GoTOo01330 T ST T
561 PUNCH9000 XS (K2) s ANS o T T -
5110 CONTINUE ' T T
- T TRETURN T ) T T T
"'9ooo FORMAT (2E1648) T T T T T T -
TEND T T oo
- TTTSUBROUTINE DISCOT (XAZZAVTABX s TABYsTABZWNE INYINZSANS)
C "THE DIMENSIONS IN THIS SUBROUTINE ARE ONLY DUMMY DIMENSIONSe
DIMENSION TABX(2)+sTABY(2)+1TABZ(2) 2 NPX(8)4NPY(8)sYY(8)
c“‘““ﬁTMENSION TABX(a).TABY(a).TABZ(Z).NPX(BJ.NDY(&).YY(S)
CALL UNS (NC-IA.IDXnIDZoIMS) T T
e e INZELT T Sisetn e e e
TS T CALL DTISSER (XAZTABX (1Y 9T aNY s IDXeNNY T T T
N NININES S 'S | I T o T e /T
CALL LAGRAN (XA.TABX(NN).TABY(NN).MNN.ANS)'"“‘““"”"“"”""
- E5T0 70" . D S
T T IDTZARG=ZA T T T e
TP1Xe DX41" . o . e
T TIP1Z=1DZ+1 T T T e e e
"“""‘““"““Tﬂf"i‘rfr)’““"I?éiiéei.1'5"‘””"""“" o o T T Tmmm o
T i571F (ZARG- TABZ(NZ)) h 25,25.20"' o -
T TTTTTP0 T ZARG=TABZ(NZY T T T o r s e T
o 25 CALL DISSER (ZARG Aé‘?iﬁ(f;NZ}TDZ.NﬁZT""—”*““”‘”' T
' NX=NY/NZ o ' R i
NPZL=NPZ+10Z o T T T
I1=1 - T
. ."NTEMiTMS3NMWSO;BO.4O.u.~mw,,_.mu“.__ e e e
30 CALL DISSER (XA.TABX(I)clsNX{IDXoNPX(l))
) DO 35 JJ= NPZ . NPZL T T T

¥V XIANHAddV
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35 T=T1+1 o T T
7740 BO 45 UJ=NPZL.NPZL T TT oo T n T T e

TISECJI-TY#NX+1
T TCALL DESSER KA qTAF’iX( i")"i I NX. I['D( NPX( I y)
T TTTTTUNRY (T ENRX (TY vk, e o o
45 T=ETH1 -
S T B 2Ty [P

T T TNLROCENPX(TY T T T T

NLOCY=NPY (1)
o "'55 CALL LAGRAN "TXA, TABX(NLOCY Y TABYINLTCY j s IPIX3VYY l ) ) S

CALL LAGRAN (ZARG.TABZ(NPZ) 4 YY (1) +1PTZyANS)”
70 RETURN 7 e

END

o '"§U§thTTNE’UN5 (IC,IAoIquIDZ;IMS)

'''' ~_IF (IC)y s, 15410 T S T

RIS ; B o,

R e e i e e

Y o & o N 1= B o
TG Ry R e i i e - R

TNC=TC T
‘15 iF (NC—IOO) 204254257
e an ARG . DGt e
T T GoTo 300 T T S T T e
T T Ll L e,
. NC=NC-100 . e .
T TT3OTIDXENC/IO T T T T T T T T T T T T T T T T e
IDZ=NC~-IDX%*10
RETURN
END

V XIONHddV
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SUBROUT INE LAGRAN (XAsXsYsNsANS)
DIMENSION X(2)sY(2)

CIMENSION X(2)sY(2) S
SUM=0¢0 I .
DO 3 I=14N . .
PROD=Y (1) B} I

DO 2 J=14N
A=X(1)=X(J)

NU=NL+1D

IF (A) 14291 ) o
"1 B=(XA=X(J))/A -
PROD=PROD*B ) S
2 CONTINUE ] o
© 3 SUM=SUM+PROD ]
ANS=SUM -
~ RETURN o o
END
SUBROUTINE DISSER (XAsTABs1sNXsIDsNPX) -
DIMENSION TAB(2) ' -
c DIMENSLON TAB(2)
NPT=ID+1 ' T
) " NPB=NPT/2 S
'NPU=NPT-NPB
IF (NX-NPT) 1045410 ) o -
5 NPX=1 e
) RETURN T T o T -
10 NLow=I+NPB 7 ) ) T
T U NUPP=T4NX- (NPU+1) S
77T DO 15 11=NLOWaNUPR T CoT T
NLOC=11 '
TUIF (TAB(T1)=-XA) 15,20.20 T T
77718 CONTINUE S T T T T T
T NPX=NUPP-NPB+1 T T
- "RETURN T T
20 NL=NLOC-NPB e

V XIANHdAdV



PL

CO 25 JJ=NLWNU

NDIS=JJ

IF (TAB(JJ)=TAB(JJ+1))  25+30+25 T T
T 25 CONTINUE T T T T
[ NT =3 =y N T T
" RETURN S B - T T
T30 IF (TAB(NDIS)=XA) 40435435 T
- 35 NPXx=NDIS-ID S
: RETURN " N S
T 7T 740 NPX=ND1S+1 - o T
RETUPN B o o T -

END

V XIaNHddV
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NMACH (1)
14
NXL 1
6
NTHN1(I)sI=1.14
5 ) e

NLAMLI (I)sl=1414
35 30 48

MACH(1el)el=1012a

« 700 «800

30C0 245CC
X1 (J)eJ=146
O o2
THNI (Led)sI=10»
TeC 10«0
Ce0 120
DeC 10.C
Ce?l 10.C
Qe 0 2e3
Ne 0 2e¢5
TeC 2e5
40e0
NeC 2e¢5
a4l e
CeC 25
350 4056
CeC 25
250 275
Ce0 25
2560 275
CeO 2e¢D
25¢0 2745
Ce 2e5
2Z¢0 275
Cel 2e5
250 275

FIXED INPUT DATA FOR SHARP CONES

7 7

42 4.2
« 900 9350
44000 15e7N0
o & 5
J=1NTHNI1 (1
150 25e«C
v.O 3’:.O
1540 2CeC
150 27 eC
1060 20 +C
S50 7 e5
Sel 765
Sel 7eD
S5eC T e
50 T eZ
20.0 2560
Se0 TS
3Ce0 25,40
Sel T7e5
3Ce0 3%eC
Se0 TeZ
20N 350
Se T e5
300 2540

69

~

11

66

1eCCO

«8

33eC
4040
2540
250
25.0
1040
1060

1Ce0

100

1040
400
100
4040
10«0
40eC
1060
400
150

4060

—

11

66

e100

1540

125
45.0
1245
4540
123
4540
1265
4540
125
4540

3360
400
400
25 e¢0D
200

2060

—

g= 01 = U

oWwou ou
e o o o

QOO OO0 OO0

16

96

1e20C

4040

300
250

250

175

175

1745

1745

175

17 17

102 102

24000

330
3040

3040

300

200

200

2040

2000

200

17

102

2500

225

d XIANHddV



Lk

LAMI (1.
« 0D
2428
148

e D1
LAMLI (24
¢ CO

« 01

«01
ILAMY (3
« 00
1649

1 .94
189

« 01
LAMT (4,
«2C
1e77

1 e89
le22

« 90
LAMI (5,

—
L] *
N i e

O U d O

.
O

LAMY (€

L]
LAML (7

JYaeJ=1426
o CC
126
1e34
98
J)YeaJ=1430
« 00
98
.98
JrleJ=1s48
« 00
1e65
16861
186
102
JYeJ=1l442
«CC
leSE
«D1
le4d]
« 75
J)eJd=1442

«CO
«C1
1e24
1e26

e o o
[SINESI I ®)
W W o

-
D O
]

ny =
e o
O OO
~ — 3OO <

N

e

[
O

D

12
led4d?2

4

o
leS1
27

*
i e
W W G G O

- L ]
SR I BRSO HI 1]

9}

.
~J

e o
N (YU e

«CC
e 04
«37
N7

«OC
77
e £8

« 00

204

—

e 96
«N8

«FZ

e 7

e 7C

« 00
1e45
e 01
.72

« 00
1667

1eZ4

.OO
202
N1
138
B3

.
O
—

Ul

o o
n o

.
m

H
* L]

Ui O e
W L~ 0O

«00
2e51
1e02

¢35

L ]
[6))
o)

e 01
2e¢02
1«36

98
1e00
« 34

e 00
e C1
1e47
1eb65
¢ 71

« 00
leg1
1 e 89

« 88

0
«58
1e64
27

«0
85
77
¢« 70

i

— s s

T 1

« 88

¢«
ll45
012
« 78

p—

«98
1498
1 e66

1 e57
1e57
1e04

«NO
1«00
le74
1668

*53

« 01
le67

97

°
N
\l

« 77
e 70
51
«93

— e

«0
le6D
1e45
1ell

1e57
«01
1e70

1e69
170
«83

o 01
1ed?7
183
leY

1¢10
183

«01
leQ1

27
1e67
s 01
«94

173
l1e71
161
1e49

294

0
182
1e65
140

204
1609
157

1665

47

«90
1679
92
54

—

o

49
096
95

—

94
1e77
27
«93

e O
57
57
123
1e42
1e02

—

0
1e92
1«81
1e61

d XIANHddV




8L

1le74 1e72 1e72
1623 1o 8 1eZ3
1el18 1eC5S eIl
LAMI(BeJ)eJd=116£
o 'O o2
o O o1 27
Pe62 felb o C1
2043 2045 1e26
2e21 Zelb ZelZ
187 Zel0 177
1e41 le76 122
LAVI (9 JYeJ=1.72
o C o O « O
N e « 01
2enl Ze 79 2679
le94 2e32 2e59
37 led?7 1690
23 « 78 1«00
+ Q1 W27 53
2eC4 ¢ 94
LAMYI (1QeJ)eJ=14956
o C 0] o]
o C ¢ 0 (Y0
1e¢02 l1e27 147
298 ZeZ8 e 01
leG2 210 228
« =4 « 76 le02
2eT8B ZeB3 2958
led?7 1e¢70 1e322
e01 «28 D4
2e?28 Ped 2 2eBR
LAMI (11 sJd)ad=149&
o C o «0
D «C 0
1402 l1e27 1e42
301 2ell «0O1
193 213 2e21
52 « 76 1e22
2e63 <288 301

—

o o o
D N O e

NG = N W o

o
[ ]

-
“

27
277
275
2e27
1e47
«78

.O
QO
170
28
2643
1e27
Ze28
2610
76
282

o
1,72
27
2ed7
le27

2ell

0
« S35
e 01
2079
2«61
1e9Z

102

o0
0
1e32
54
258
1ed7
« 01
2628
1602
228

[ys
o0
183
52
2463
1645
e 01

«353
27
«0O1
+85

O
¢ 78
27
2e67
Z2+80
Ze28
leal

« 0
e 0
2410
76
2483
l1e70
28
2643
1e27
228

.O
0
213
765
288
le72
27

.
[&]

o0
« 86
«53
e 01
2.76
Ze55
185

0
e 01
228
le02
298
1e92
54
2438
1e47

o0
01
2e¢31
le02
3e01
1e93
'52

«78
«53

o0
o85G
e 16
+ Q09
«78

23

— =

0
1 e54
/8
27
2e41
Ze 75
2625

0
«28
2643
1e27
328
210
o 76
283
1e70

o0
27
2647
1e27
3ell
213
« 76

1410
«78

~
* L

2628
1e9¢
1e48

1e06
78

o0
54
258
le47
01
228
1e02
2098
1692

o0
52
ZeH3
149
e 01
2631
le02

138
1408

o0
Z2e63
Ze26
139
1e47
102

o0
2636
1 e45

78
27
1691
228

+0
076
283
1e70
28
2643
1627
328
2e¢10

o0
76
2e88
le72
27
2e47
1e27

g XIaNdIddv



6L

RN

1649 1672 1692 2413 2431 2e47 2463 288 3401 3ell
$ 01 27 +32 .76 1.02 1e27 1449 1e72 1693 2413
2431 Pel47 2462 2488 3,01 3611 *
LAMI (12+J)sJ=14122
o o 0 o) o C o «0 0 o0 Ral [Xe}
o” e 0 o) oC o) e «0 .01 .28 ¢53
75 1e02 1.28 1450 1e73 1.96 2415 2434 250 2466
2.88 3405 3e13 3e22 e 01 .28 «53 .75 1e02 1¢28
1e50 1e73 1696 celS 2e¢ 34 250 2e66 2488 305 313
3e22 e01 .28 e 53 «75 1.02 1.28 150 1e73 196
2e15 Pe34 2450 2466 2¢88 3405 313 3e22 W01 .28
«53 .75 1.02 1.28 150 1.73 1.96 Z2el5 2434 2450
Z2eb5 2«88 35 313 Re22 s 01 28 53 e 75 1e02
1e28 1eZ0C 1e73 1 e9& Zel2 2e34 2¢50 266 2488 305
3.13 3.22
LAMI (13sJ)ed=1+102
o C e 0 el o C «0 o C ¢ 0 «0 PYe) « 0
oC 0 o2 o0 o0 e o) .01 .28 ¢53 %
« 76 1603 1e28 1eS1 1e75 1e97 2el17 236 253 268 av)
2490 2407 3612 3416 « Gl 28 «53 76 1403 128 &
1451 1e75 1697 Zel7 236 253 2468 2¢90 3407  3el2 %
3416 0l .28 ¢S5 e76 1403 1626  1e51  1e75 1497 b
Zel7 2436 2433 2e€8 290 3.07 3e12 3e16 e01 .28 !
53 e 76 1e¢0C3 128 1e=1 le7% 1e97 2e17 2e36 253
2.68 2490 3407 3412 2416 e01 .28 53 76 1403

l1e28 leZ1 1e75 1e97 2e17 26356 2e33 268 290 3607

312 2el5
LAMY (1a4J)sad=14102

e ICT 0 00 e T0C «DCDO «CNO «0GQ « 000 ¢« 000 « 000

«NCO « 200 [RSIOAl « 0T W CND «NO0 e OCO « 001 e 002 343

H10 14220 1e322 le564 16795 26011 26213 2e¢397 24563 24710
2940 2.082 3e129 34082 «CO1 + 002 5472 «810 1070 1e322
leZ64 1e7SZ 2eC1l1 2e213 2e297 2262 2e710 2940 3082 3129
36282 e ZC1 e 3C2 542 oB1C 1070 leZ222 14564 1e795 24011
Ce213 26297 2eT5Z 24710 Z2e940 3082 2el129 2082 «001 e 002

« 243 «51C 1e272 le3zz lezs2 1«79 011 Zecl2 26397 L3363
2e71C ZeJ4C 3682 2ol 2P 3elHBEZ ¢ 201 02 9543 «810 1070
le222 le=ht le7SE 2.C11 CeP13 2297 Ze06B2 2710 2940 34082
3el122 ZeT8B2



08

NMAC= (2)
7
NXL 2
21
NENZ2(T)s I =
a 4
NLAM2 (1) 41
24 8a
MACH (241 )
&0
XL2(J)ed=1

co

o
o Ul
O

i

Z

M
D) o~ =
* r— @
O C D

(@]
L ]
O O

)

by
YR U e

o o
L ] L]
o 0O

D
.

n
o]

0.5
LAM2 (1 sJ),
Ne 00
1e63
4421
133
3677
NeR3
2611
Cel
Ce00
LAMZ2(24J)
CeO
1 e65
49272
143
4430

FIXED INPUT DATA FOR SHARP TANGENT OGIVES

147
=147
s
I=1.7
100

W21
« 05

o

=3

=17 J
16329
1 ¢392

].'2(:

139
1239
139
1¢C
J=1+8¢4
4¢15
1e02
2e58
CeZS
237
Qe24
ledC
Cel7
Neld
J=14+84
4¢1C
1«02
2e77
0.57
2ed?2

9]l

.
LD

DD OO0

W e
L

1 ¢G5
389
1 e48
4418
1e04
2853
Oet S
Ce87
Celd

2C3
L el
153
4eT76
l1el9

e 0
65400
4600
46020
440C
4400
440

1633
320
De71
2e52
Jed(C

Ul

[8)]

n

J R

* ©® o
QO 0O 0V
30 D0

e
.
@]

M
.

Ul
@

1653
4035
1e24
350
De72
170
Deld

2eG4
1e57
496
1 36
2699

383
0e93
2ol 7
0e¢53
2e33
0620
letl4
Oe0D6

377
0e87
2667
0e51

237

15400

e 320

¢« 80

1478
4el7
letd?2
400
0e93
2049
0e40
Oed3

1 ¢80
4476
1.48
4 456
107

1e13
305
Oeb1

2038
Q28
1e77
Oell

0e35

lel4
297
0e63
2647
0e34

B4l

1e52
4620
leld
319
Ce60
1e29
Cel7

389
1e55
4430
1e27
3664

45
*95

3662
0«87
242
Oe43
220
Oel?7
095
003

3e47
Qe79
258
Q0e45
233

g XIANHddV



18

Ceb6
2¢4C
Ce33
NeCC
LAMZ2(ZeJ)
Q«CO
256
3613
326
313
283
239
1e87
1.28
De65
0«09
LAMZ2 (4490 )0
0400
2011
258
2e69
2458
233
1697
1e54
1«CS
Neba
NeC
LAMZ2 (SaJ )
De 00
2ell
2458
2069
2458
233
1697
1e54
1.C5S
NeS4

~ oA
Lo

105

105

1 eSS4

l1e21
108
D636
C e84
0.7‘1'
e’
Te 4
Jed5S

T e26

.
0
Ne)

ol e NeNé N
L]
W o~

>
L]
o NN MNP

3 O«
.
[AVERAV]

O
e o o
wMhu

1e94
2e32
3e24
3.22
300
2eH62
2e¢14
158
0e97
033

1e59
2e41l
2e67
ZebHS
2e47
2.16
1e76
1630
080
Oe27

1 e59
2e41
Ze57
2e65
ced7
2elb6
le76
1e¢30C
T 639
Te27

2e84
Oed?2
0«50

307
2e82
2e63
2e47
226
193
1 e57
1 ¢35
lel7
098

292
2e65
2e4B
233
2610
182
1e32
1e06
Ce8B7
0«68

253
237
2e35
2¢30
1693
130
1e20
¢G5
Oa872

Ce34

2e¢19
Oel7
1e75

170
1e50
139
127
1e13
100
0«86
OCe73
Qeb62
0e52

1e73
1e53
1e34
1¢18
1e04
092
Oe78
Oe67
0e56
0045

1e73
153
1637
122
108
0e96
083
0e71
0«58
Ded?7

0«58
le47
Cel8B

130
108
095
083
O0e72
Deb2
Oe51
0¢43
0e37
033

1«40
1e23
1e¢10
0«98
Oe8B7
Qe77
Qe67
0«57
0e48
Dedt 0

1e45
128
lel4
1+02
090
0«78
D68
Ce58
Qed 3
Oetl

023
1e94

Qel2

085
065
0e51
039
0«30
023
Oel7
Oel3
Oel2
Oel4

1«06
097
087
0.78
Ce72
063
0e56
0e49
042
035

lel6
1¢03
0693
0«83
Qe73
0e65
057
0e50
Qe 3
036

d XIQNHddV

e



é8

LAMD (B4 J)sJ=14105

Qe
16399
2e44
254
Zebd
220
1e86
l1ed45
leCO

N =

w8

Ne G

2820
?e«Z=8
Ze43
P2ed3>
Z2e20
1«80
16324
le02
Ce80
Ceb2
Cedd

LAMZ2 (7 eJ)Ye =1

«2CC
20455
3.C04
3128
2«C04
Z2e71C
2e29¢
1e791
1e226

523

o116

24004
3127
2077
2¢3903
2635
26294
1 e8B27
16458

« 988

«011

1186

1e82
1e53
1ea3x
1629
lel5
l1e02
Ce30
Ce77
D466
D54
Ce43
125
1¢920
le 747
1e268
1e384
lel135
1001
« 8505
606
« 006
e CC1
115

- b

1 624
1e35
lel7
1e¢03
Oe3I1
NeBC
Ceb9

NebH0
DeB2
Ced3

Ne25
e 493
« 252
« 208
e 062
«2l4
754
«513
« CO8
« 002

*116

—

«215
« 097
3973
« 859
» 738
617
«Q1 0
« 004
« 002

—

1156

1e351
228
2e52
2e51
233
2e 04
1e657
1e23
Oe75
Ce25

1 eB56
2802
3105
36091
2875
2e515%
2052
leS15

+328

« 003

Ze68
2e¢30
ce43
2037
2e02
l1e28
lel7

Qe92
Qe71

Oe53

3091
3120
34004
2780
26473
2102
1e682
le226

e 745

«001

— s = = e

1e72
1e53
127
1e23
108
196
083
Qe72
060
Oed8

« 834
558
477
0290
« 058
« 904
e 706
Q11
+ 002

0

bt =

1e43
1e25
110
0«98
O e85
Oe75
Qe65
0e56
Oe48
039

0423
« 280
e 135
.988
« 839
« 689
«013
« 005
« 001

0

—

lel7
1e02
Q0«88
QCe77
Qe67
0e57
Q0e48
Qe42
Qe37
032

e 156

1038

e919
e 799
0678
« 555
« 007
«002

0

g XIONAddV



NMACH (3)

12
MACHI(341)s1=1412

«25 40 60

4463 1500
ACI)elI=1s12

2034 2e52 2e¢%8

1e618 1e¢99

€8

FIXED INPUT DATA FOR SPHERES

« 82 100 120 1ed47

2e77 216 284 Z2ed)

190

2012

270

178

3640

le618

d XIaNdddv



¥8

INPUT DATA FOR CYLINDERS FOLLOWING TANGENT OGIVES

2 2
4z 28
ISR 6428 1500

FIXED
NMACH (4 )
NXD4
14
NFNa (TYye =142
3 3 3
NLAMA (T )sI=145
a2 a2 4z
VACH (441 )9 1=1a%
3¢C0 Le24
XD4(J)YeJd=1414
CeO ¢35
SeC Se3
FNA(ITeJ)el=1.2
30 S50
3e¢C 560
3.0 S5¢0C
30 5e¢0C
3.C0 500
LAMG (1 aJ)ed=11442
405 « 270
152 0102
«CES « 078
e 537 «C32
« C20 «+ 013
LAMA (24 J) s J=1442
0262 264
165 120
« 068 ¢ 101
« 062 « 050
« 035 026
LAMA (24J)aJ=1042
v 168 1232
« 183 « D299
«278 « 2329
« 062 059
046 « 025

1]
—

4N e
L ]

o =
e 7 o o
DO OV MNOoOo

172
159
«070
«Q020

« 168
« 88
«2C0
« 048

Z
N~

- O =
[ )
ur

«32C
129
e 042
« L2320

« 308
« 139
056
«N52

142
«C73
« 239

E ]
Q
[S1N
N

.219
« 085
« 060
027

« 229
«100
« 086
042

«113
«083
211

021

2148
130
¢ 053
«015

172
0143
«070
« 030

¢ 139
077
172
e 040

+ 250
107
« 032
e 025

258
117
e 048
e D44

120
« 062
e 200
046

3e5

182
e 069
« 048
«J20

¢ 195
« 081
072
¢ 035

« 098
«072
184
e D46

el22
« 100D
042
«013

0145
«120
2060
2026

o116
067
148
«035

4¢5

e198
« (088
« 024
025

o212
« 099
«040
044

e102
e 055
0170
2 046

d XIANHddV



G8

LAMG (440 )YeJ=1 942

« 3220 e 26C
0160 126
« 287 «N326
+ 063 «05C
« 049 «C24
_AMA(E4J) e J=1 428
116 116
o116 116
116 o116

e o o
QO — I
SN I @]
DO 1N O

116
1156
o116

.
AV]

o W N
O

[
@

.
O

9]}

e116
e1156
o116

228
«110
« 084

«0E3

1156
e 116
116

175
127
«078
e 042

116
116
o116

« 238
119
e 069
e C49

o115
116
o116

«198
«098
«073
« 049

116
o116
«116

152
o110
« 069
« 034

116
o116

«200
e102
e 060
e 049

116
2116

d XIaNHdddVv

3



98

NYACH (5)

FIXED INPUT DATA FOR CYLINDERS FOLLOWING CONES

16
NXDS
24
NTHNS (I )sI=1+16
8 7 6
4 2
NLAMS (I )sl=1416
192 168 192 144
96 a8
MACH(S eI )el=14156
e 70 «8C O
230 3«CC 4412
XDS5(JYeJ=1 424
o ol o2
1.0C 1e25 1e32
5600 Se 20 5600
THNS (T aJ)al=1416 J=1,
Del 1260 12eC
Ce0 1CeC 15«C
el Ce0 1Ze0
Cel 1C60C 2T 0
De0 120 152
Tel 10e0 1560
Qe 1Ce0 150
Ce0 120 1560
Te0 3¢5 566
De0 100 150
Ce0 2e5 546
Ce0 3e3 445
O« 465 Se0
Cel 2e5 50
Nal 45 Sedt
DeCO 2CeCC
LAMS (14J)sJ=12192
Q1 ¢ 39 -1e1D
16409 -1e87 —2e¢04
—e3 Z2el4 —2¢432
—2e04 -1e96 01

. e
Q

O WO Ul @O
[ ]
N o,

—-2¢20
-2e47
-2e32

16

-2¢59
_.’_063
'01
«08

3060
2040
3060
40640
3060
2360
300
30.0
181l
30eC
180
1840

200

—2+67
251
e 24
1«81

le20

65
300

330
4060
330

33eD
4Ce0
3360
33«0
2040
3360
270
270

—2+67
e 01
16

306

192

350

4040
350
270
3560
3560
350

—-2¢59
27
212
51

192 96

400

400

« 01
«55
2¢16
-1.10

144

9
450

31
e 00
-1e26
—1e49

d XIaNIddV



L8

¢ 01 o 14

« 06 «Z5

e 75 2e26
L4432 369
e 01 « 04

¢ 03 « 03
23 -eC8
—eC8 14
o 01 «03

« 03 o003
«03 « 03

e 03 «03
01 «03
23 «03

¢ 03 o3
«C3 e 02
LAMS (24J)0J=14
o1 e 53
—1e18 =228
~2e¢20 o C1
55 2e24
2e24 —e82
4 «C3
ledl 228
«01 «03

o C23 24
200 01
eC3 o C3
03 « 03
oC3 «03
N3 ¢ 03
o« o3

o 03 232

« T3 21
LAME (24 J)ed=141
o 01 « 39
79 ¢ 24
—1e88 —-2532
—1e18 -1481

(o))
m

I
W -
.

. .
A
N ;N

N

e
Jr oD W

W - D

*

-
[0))

«03

AV
L]
0 O

*
W WW= WL W Ww

] [ ] L ] L ] [ ]
DD O —O

o
DD O

I
n oS
® o o
VIR

— O \O

°
~N !

283
3e51
e 01
« 03
—el6
27
e 01
«C3
«C3
« 03
¢ 01
«03
«03

¢ 01

e o e
D DO N
W W

o
()

2643
1s49
e 07
~e20
e 73
1e69
«03
« 03
« 03
.03
«03
-03
N3
203
«03

1657
e 01
«03

—el5

1677
e 01
«03
«03
«03
« 01
«03
«03
« 03
o C1
+ 03

—2e47
1418
« 00
16
Ze20
e 01
0 06
2e71
« 03
« (08
« 03
¢ 03
e 01
03
« 03
¢ O3
03

-1e475
.Ol
1665
* 55

~-¢39
« 08
- 04
1634
3ed46
« 03
«03
e 03
«03
e 03
«03
¢ 03
¢03
«03
« 03

¢ 01
«55
-1 88
27
2059
+ 03
110
01
«03
24
«03
«03
« 03
«03
e0O1
e 03
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FIXED INPUT DATA FOR FRUSTUMS FOLLOWING CONE CYLINDERS

3

3 3

NTHFOE(IeJ)eI=148 J=1sNTHNE(I)

NMACH (6)

8
NXD6

18
NTHNE(I)s1=14+8

3 3 3

4 4 4

4 4 4

4 4 4

4 4 2

2 4 2

2 4 2

2 4 2

4 4
NFAG(1sJeK)YeJ=143

4 4 4

4 4 4

4 4 4
NFAG6(2sJaK ) J=143

4 4 4

4 4 4

4 4 4
NFAG6(3sJeK)eJ=1 3

4 4 4

4 4 4

4 4 4
NFAG(4 ¢JsK)eJ=143

3 3 3

4 4 4

3 3
NFAG(SevJaK)sJ=1,3

3 2

4 4 4

3 3
NFAG(6sJaK) e J=1 43

3 2

4 4 4

2

e

A

PaN

A
PN PPN PP PA~EPLQN

—

A

JNTHFE (1 4 J)

+NTHFE (24 J)

sNTHFE(34J)

yNTHFG (44 J)

'NTHFE (S J)

NTHFE (64J)
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NFAG(T7eJeK )9 J=1 93 K= aNTHFE(T sJ)

3 2
4 4 4 4
3 3
NFAG(8eJaK) s J=142 K=14NTHFE(8+J)
4 4 4 4
4 4 4 4

NLAMG (1 aJeK)eJd=143 K=1aNTHFSE(1eJ)
72 72 72 54
72 72 72 72
72 72 72 72
NLAMGE (29 JsK)eJ=193 K=1eNTHFE(24J)
72 72 72 54
72 72 72 72
72 72 72 72
NLAMGE (3sJeK)sJ=193 K=1eNTHFE(39J)
72 T2 72 54
72 72 72 72
72 72 72 72
NLAME (49 Ja1K) s J=193 K=1¢NTHF6(44J)
54 54 54 36
72 72 72 72

54 54
NLAMG (S JeK)eJ=193 K=14eNTHFE(SeJ)
54 36
72 = 72 72
54 54
NLAME (69 JeK) 9 J=143 K=1+NTHFE(69J)
54 36
72 72 72 72
54 54
NLAME {79 JaK)YeJ=193 K=l oNTHFE (74 J)
54 36
72 72 72 72
54 54

NLAME (BsJsK)eJ=142 K=14NTHFE(8sJ)
72 72 72 72
72 72 72 72
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NTOTLG6(1sJ)el=148 J=1+NTHNGE(])
270 288 288
270 288 288
270 288 288
198 288 108
90 288 108
90 288 108
90 288 108
288 288
NTOTFA(TaJ)el=148 JU=1NTHNE(I)
15 16 16
15 16 16
15 16 16

11 16 6

5 16 6

5 16 6

5 16 6

16 16
MACH(6+s1)41=148

«80 «90 120 150 2418 2481 4404
XD6(J)eJ=1418

OsC o2 o4 o6 8 1¢0 1e25

34C0 3¢50 4400 4450 5400 550 600
THNE (T eJ)s1=148 J=1+«NTHNE(1)
150 225 300
1540 225 30e0
1540 225 300
15.,0 2245 3040
1560 225 3060
1540 225 3060
1560 225 300
15600 2250
THFE(1 e JaK)aJd=1 3 K=1 ¢NTHFE(1 +J)
50 1040 1560 200
50 100 1540 2040
560 1040 150 2060
THF6(29JeK ) e J=143 K=1 NTHFE6(241J)
540 100 150 200
540 100 1560 2040
50 1040 1540 2040

1500

150
650
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THF6 (33 JaK)aeJ=143 K=1 yNTHF6(3+J)
Se0 100 15«0 2040
560 1060 150 2060
50 100 150 2040
THF6(4sJsK)eJ=1 43 K=1 ¢NTHF6(44J)
Se0 100 150 2040
S50 100 150 2040
Se0 2040
THFE6(SeJaK)eJ=1 43 K=1 «NTHFE(SeJ)
50 200
S5e¢0 1040 150 200
5e¢0 200
THFE(6sJeK)eJ=1 43 K=1 «NTHFE(64J)
S50 200
560 100 1540 200
50 2060
THF6(T7eJsK)eJ=143 K=1 +NTHFE(T7 ¢J)
S5e¢0 2040
50 1040 150 200
S5e0 200
THFE6(8sJiK)9J=142 K=1«NTHFE(BsJ)
500 1000 15600 20600
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¢ 83
31
¢ 90
108
92
1.08
69
lelyg
113
1.18
lelg
1e26

lel4

175
le24
l1e26
1¢40
led44
1e42
le44

34
«58
51
57
«50
51

d XIaNdddVv



LOT

¢ 95 e 50 ¢51

51 51 167
139 ¢ 89 + 399

«93 59 118
1410 1602 «99
1607 ¢ 99 lel2
lel2 105 106
106 94 1el2
lel2 1405 106
123 137 1e66
1450 119 1609
lell 120 138
130 l1e26 1e26
128 118 130
130 1e26 1e28
128 118 130
2409 97 133
1e25 1643 181
1¢68 le47 130
140 148 1e49
1e44 1e49 149
1e49 1ed4 1e44a
le44 1e¢49 1649

LAME(4 41 oK) eK=14+198

«53 010 28

28 040 ¢53

47 e53 42

53 52 55

¢53 «53 53

«50 ¢53 52
l1e10 048 67

75 67 110

¢ 89 1e¢10 110
110 1e21 104
le21 «88 1610
leld 157 75
1e57 103 1408
129 1¢27 1«57
1e56 1e¢57 1e51
1e57 1e48 149

51
e0Q0
1e06
«98
+99
1¢05
94
105
34
1603
1620
1e26
123
126
118
1e26
153
138
1e44
1649
le44
149
led 4

53
32
«50
¢53
«53
¢50
110
«83
100
1¢10
1e21
108
57
140
160
1e57

95
le21
1¢30

* 94
1607
106
lel2
1606
1e¢90
1el5
le46
1¢15
130
128
1630
1e28
1e96
le25
1e65
1648
le4dy
le49
le4dy

18
042
53
54
52
lel0
58
¢ 70
1e¢10
l1e21
¢« 86
1e57
lelO
1e¢40
1e57
148

¢50
1¢33
« 95
¢ 99
1.07
94
1605
94
«00
1e29
le21
le22
le26
1¢18
le26
118
le21
1e42
139
1e48
1649
ledtd
1e49

032
53
48
¢55
¢53
028
65
110
lel6
1601
1¢10
¢85
lelZ2
1e57
1e¢48
le4l

«51
150

94
1el2
1403
1el2
1e¢06
1el2
135
1e57
109
133
1428
1¢30
128
225
128
1e75
133
1e44
149
1ed4
1e49

53
¢ 36
52
53
52
77
l1el0
¢ 30
1e¢05
1el10
l1e21
102
157
150
1e62
1e57

51
e 73
1e¢02
1e01
¢ 99
105
94
1e¢05
1449
lel2
1¢19
136
118
l1e26
le18
¢ 00
led7
le4dl
1e46
1449
le44
1649
1e44

022
044
53
55
«52
1¢10
67
76
1e¢10
le21
«86
1e57
120
150
1e57
148

95
107
123

.96
1610
106
lel2
106
1e76
1el1
1e40
le22
130
128
130
1e47
1e88
1e27
1e56
1e49
le44g
le49

e 36
e53
51
¢ 55
053
« 38
e 65
1e10
1e¢20
35
1e57
94
119
157
1e48
le4gl

«50
lelb
096
099
1.09
¢ 94
105
094
¢85
le22
1e24
124
1e26
118
1e26
1e65
1¢32
1e42
1649
le44
1e49
le44

«53
+40
«e53
¢53
52
e 70
la10
101
107
1410
63
1¢02
1e57
1e52
1659
1e57
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801

1e48 ledl
138 1«30
180 1e66
le72 le71
LAME (4 424K ) eK=
«53 49
« 20 * 36
«53 47
43 e 50
«e53 51
«58 «54
53 55
60 52
1410 71
58 65
1410 ¢ 91
97 100
110 leC1
¢ 98 95
110 1e04
¢ 90 1408
1e57 130
1le27 1419
le57 1635
lea3 1650
1e57 153
1e48 legl
1489 1e56
le47 130
1.89 1e56
1e63 1e55
189 178
1e71 1¢78
189 1e82
LAME (443K ) K=
53 04
« 20 40
47 «53
«53 50
53 «53

1e52

1e45

1 82

172
1,288

e01

53

¢35

53

53

53

60

110

o4 4

1¢10

77

110

leQ2

110

91

1e57

1el3

1e57

1440

1e57

148

«57

52

89

47

189

1e77

1 «89

1e74
14108

«28

«53

¢34

«55

53

_— e e

205
131
1e75
l1e71

28
47
044
«50
55
53
52
57
«67
¢85
«76
100
1¢04
1e04
+86
120
108
1«38
le49
l1e42
1e49
1e55
1e60
1e52
1e37
1e69
180
182
1e81

«53
23
49
«53
52

1e36
1e53
183
le72

«53
25
«53
«48
¢53
60
¢53
031
le10
.62
110
1e¢01
1e¢10
031
1eS7
¢ 99
1e57
1¢30Q
1e57
le45
1e57
le48
189
ledy
1489
le72
1489
le74
189

o111
«42
¢53
53
52

1e60
136
1480
l1e71

«48
e 40
«48
52
«53
¢53
55
77
«77
67
«95
1405
103
+86
le02
le02
le32
le27
137
le61
1e55
led]
1e53
130
1e58
1e67
182
1e81
l1e82

32
53
«4]
e 55
«53

l1e28
1e6D
182
1le72

ell
e 53
040
53
57
53
«60
1el0
50
1e10
¢ 88
110
101
1¢10
« 80
le57

120

1e57
le4g?2
1e¢57
148
1«89
150
189
1e51
189
1e74
189
le74

¢ 53
26
52
*53
49

137
1e42
181
1e71

32
47
048
+50
55
54
52
64
W65
«88
« 89
100
100
1e04
lel4
1e25
lel2
137
1e56
1e47
le4gl
160
137
1653
lesgl
1e72
181
1e82
181

17
44
«53
55
52

1632
1e71
1077

«53
31
53
51
53
«60
e53
«38
110
e 70
110
1403
1¢10
291
157
1«07
1657
1638
1e57
1e47
1657
158
189
143
189
1e76
189
1e74

036
53
048
55
53

1.30

155
1e77

47
42
49
«54
«e53
52
«e55
s 70
«81
+ 70
¢98
1607
103
« 86
lel2
1,02
1«36
l1e40
1639
1e59
155
2405
1e52
1e31
leb62
1e75
1¢86
1e81

«53
+30
53
¢33
047
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601

«50 «53 47
189 1el15 1e37
130 1630 1809
1e55 189 173
1489 180 181
178 170 1 «89

LAMGE(S5s1sK)eK=1490

W52 60 23

52 040 W52

55 52 ¢50

52 e48 070

49 e 60 W52

40 52 32
1660 1626 168
1le77 1e61 173
195 1488 2.02

LAME(5+24+K)eK=1,288

52 «75 28

32 ¢ 36 o2

22 52 ¢ 36

37 ¢60 52

52 e 46 o441

47 66 52

52 049 58

«63 «40 1e02
1602 92 65

«73 62 102
102 ¢ 86 e84

e 96 92 1e02
1e02 ¢ 90 104
1e06 «98 le02
1602 113 104

+80 ¢« 75 147
1e47 128 1e02
lel2 1e25 l1e47
1647 130 130
138 130 1e47
l1e47 148 1e43
le45 148 147
189 1652 1e21

«50
189
139
1e67
189
178

32
50
60
52
«50
040
1633
1e66
191

23
e 60
50
048
e 70
046
47
1e0QO0
«50
«88
» 78
o84
«92
lel2
1e¢02
1e27
109
130
132
1637
1e42
1e5C
105

189
1620
1e37
1¢89
178
le70

57
045
52
048
53
1e¢30
1e71
le75
202

052
32
52
¢ 38
52
+50
32
¢ 55
leQ2
77
le02
100
le02
1604
1647
89
1e47
l1el8
l1e47
140
1ed7
le45
1e89

110
130
189
1e79
1¢70
189

«28
W52
«50
69
«D2
92
1¢40
170
1e91

069
040
¢51
e66
045
«60
e51
«38
¢ 320
67
«83
92
¢ 96
1602
1e23
«88
1630
1430
1¢30
l1e31
1650
1e48
158

205
189
1e48
1e75
189
178

52
¢50
066
52
+50
1e42
1e75
180
202

¢ 30
52
« 37
52
043
52
+63
1e02
70
1602
«90
1e02
105
1e02
069
147
108
1647
1 ¢34
1e47
1645
189
1e37

1489
1e24
le4gl
189
178
1«70

«S3
+50
32
048
46
105
1646
le76
1e91

428
57
55
47
069
«47
040
97
55
«87
« 88
«87
096
1e13
« 60
1e28
1e17
1«30
1431
le4gl
1e48
1e46
1el7

lel2
1e¢30
189
180
170

036
52
«49
066
52
1e52
1e77
187
202

52
34
52
38
52
«53
52
+60
l1e02
+80
1e02
l1e02
102
104
147
97
1e47
125
le47
l1e42
1e47
1«00
189

1e60
1.89
le64
180
1.89

W52
50
270
52
52
1lel17
1e52
182
191

064
045
+50
¢« 70
45
«53
e51
42
« 89
«73
«84
¢ 93
1403
1402
125
99
1630
1634
1¢32
1e¢36
1650
092
leb2
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01T

1e¢48 1e25 189
189 le72 1e67
1¢70 le61 1«89
189 1e76 1468
1e97 188 1 89
189 200 2¢03
LAME(5+34K)sK=14108
52 046 23
42 «40 52
«55 52 ¢40
«52 ¢ 40 ¢ 70
47 60 52
240 52 52
189 1e55 1el7
le62 140 1 «89
le61 1e89 1e67
189 185 1e81
200 190 189
LAME(64+1 eK)eK=1490
52 « 74 020
¢40 12 52
16 52 «46
52 53 040
57 55 «52
45 «52 o422
170 130 1e76
1e84 1655 182
200 1483 210
LAME(6+2eK)eK=1,288
52 82 63
033 «12 52
52 47 ¢34
¢35 +18 52
52 51 44
53 51 52
52 049 «53
«48 45 102
»02 e 76 «53
52 «48 le02
l1e02 «82 57

le67
1e47
1¢70
1e76
200
1690

52
o411
«50
52
50
«40
189
1e63
1e66
189
2000

52
«40
18
52
56
45
130
1e68
1e79

¢20
45
14
¢S50
040
«50
«55
1e01
46
77
58

1e55
189
1e70
1e89
203
1e89

44
45
52
42
53
189
1458
1e47
189
1695
1690

51
o113
52
55
«57
1e40
180
181
2010

52
«33
«52

37

52
«53
52
e 70
1e02
52
le02

1e32
le72
le66
1e84
1490
2400

28
52
¢ 40
69
52
led6
1e25
189
le72
188
189

13
52
049
47
52
151
1e31
1¢78
le79

«60
e12
e48
24
«52
¢55
«40
¢50
74
«50
e85

189
1] e68
189
180
189
203

52
040
66
52
52
092
189
1e63
1¢70
189
200

52
040
024
+52
52
1e53
1682
1e82
2410

¢ 39
52
35
52
¢ 50
52
048
le02
52
1e02
070

1669
1e22
171
181
2400
190

043
¢ 50
52
45
47
1489
1e¢60
1e52
1e¢83
2400
1490

040
14
¢52
«57
55
1e40
136
182
le79

e13
046
16
¢ 50
«47
51
45
¢85
046
¢80
68

[ P SN Y

1e60
189
1e68
189
2¢03

36
52
040
566
52
e 50
32
« 89
«78
¢« 90

12
52
51
51
52
leb62
183
189
2e10

52
34
52
e 40
52
52
52
«57

¢33
1«02

1440
1e72
l1e70
1e95
1¢90

52
e40
e 70
52
52
1405
1489
le66
le76
1.89

52
¢43
32
52
42
1e33
led1l
1687
le79

046
13
249
032
52
57
040
¢48
¢ 75
53
« 88

g XIaNJdddV



¢ 83 e78 1e02
1402 ¢ 90 « 99
«92 1¢10 1e02
1«02 93 «78
82 108 148
148 102 099
1.08 l1e¢10 1¢48
1e¢48 1433 1e27
133 1e24 1e48
148 1639 1 e39
1639 137 1648
1692 1e54 1609
1e25 130 1692
192 1e76 1e47
1e64 1e55 1692
1e92 186 1«85
1¢93 183 192
1692 210 1e95
LAME (6943 +K)eK=1,108

52 84 20

34 e12 «52

e16 52 42

52 049 040

48 ¢ 55 52

45 52 ¢ 39
1.92 1e¢48 1633
158 1e31 1e92
155 1e92 180
192 199 187
209 1e79 1692

LAME (741 9K )eK=1490

52 74 «30

e 68 ¢ 30 52

«30 52 «58

52 047 ¢38

45 42 52

045 52 «60
le76 1e42 1e72

: 1695 1e64 208
Laad 230 1e98 230

¢ 89
97
¢33
1el16
108
1e06
lel2
1e23
1650
133
1633
140
170
136
1679
1e82
Z2e¢10
1e79

52
¢35
«18
52
47
45
1e92
le61
1e68
1e92
209

52
65
« 30
52
e48
45
1e39
1480
1630

e 90
1e¢02
e 80
1e48
« 89
1048
lel2
1e48
1e37
le4d8
139
1e92
1e32
1e92
le72
1e92
1695
1692

50
o13
52
¢ 50
57
1e92
1e50
1636
l1e92
2403
1e79

72
¢« 30
52
043
043
205
1e73
2619
230

¢ 86
92
1el5
134
1606
1403
1413
1e40
1e24
1e¢33
1637
le60
1630
le77
1e68
1e92
1679
2010

013
52
46
47
52
1e42
130
1692
1.88
183
1e92

¢ 30
52
«53
e 40
«52
180
138
192
1¢90

le02

¢ 98
1e02
77
1e48
1e02
lea8
130
1648
139
1692
118
1e92
153
192
190
192
195

52
¢ 38
24
52
42
1e51
1e92
165
178
1e92
209

e 52
62
e 32
52
« 54
190
1e76
2625
230

=le]
1403

«93
110
103
108
1e23
1le24
le47
137
1e45
1633
1le73
1le41
181
187
2e¢10
179

36
14
52
+ 50
55
192
1e¢53
ledl
1e92
209
1e79

¢70
e 30
52
42
043
1e60
le41l
1699
1490

97
102
«78
1048
«93
1e48
1e¢20

le48

138
1e48

*99
1692
1e40
1e92
1.80
le92
1e95

el12
52
+48
51
52
le4s
1.30
192
193
179

30
52
49
o411
52
180
181
2028
2030

«92

«92
lel6
1620
1405
108
lel19
le47
128
1433
1e51
1466
1e31
l1¢78
1e¢78
202
1e¢79

52
e40
¢ 32
52
39
1e¢40
le32
le72
182
le92

«52
060
36
«52
¢ 60
1e49
1¢48
2401
1690
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LAME(T7+423K)sK=1 4288

52 72 «40
42 ¢ 30 52
«52 «61 44
45 ¢ 30 52
52 ¢ 5C 041
o4l 041 D2
52 043 «50
53 45 1e2
1e02 1603 82
e 70 ¢S50 1e02
102 o381 62
73 66 1e02
1¢02 «87 100
1¢02 98 1e02
le02 109 «95
1¢33 ¢ 98 1e52
150 1620 105
1e¢02 ¢35 1e52
1e52 1e31 1 30
1le54 139 1e52
1e52 183 1e45
1636 1e43 1e52
198 1¢73 1e77
1e53 le42 198
198 1e63 150
le72 l1e64 198
1e98 2e24 233
2039 198 198
198 2e27 232
LAM6(7433K)eK=1,4108
52 51 «30
048 « 30 52
«30 52 «38
52 37 ¢ 38
043 042 52
45 52 57
198 150 1649
le41l 1e38 198
1e64 1498 2e¢02

«30
65
«30
«54
¢ 38
46
43
le22
58
«88
e50
79
31
108
«94
1633
92
lel9
1e19
1e58
146
190
1e60
158
1e41
2¢10
199
227
1¢90

52
44
30
52
48
45
198
1e47
180

52
043
52
44
52
o472
52
1.08
le02
66
1e02
e 83
le02
«37
1e52
120
1e52
1e04
le52
1e59
1e52
le36
198
le49
198
1e¢97
198
2032
1498

56
¢ 30
52
¢ 38
043
1 e98
1e43
le41
1698

.70
«30
«60
e 32
48
42
e43
¢ 73
«97
49
e 78
076
92
96
160
94
118
98
138
1e46
1¢390
1643
1e64
1639
le72
1eB0
2627
1¢90
227

¢ 30
52
37
040
52
1e81
led?2
198
2620

41
52
45
52
040
52
«53
102
75
1e02
65
102
103
1e02
160
1e52
1e¢02
l1e52
143
le52
136
1e98
1e62
198
1e54
198
240
198
232

52
042
32
52
52
1480
198
1e55
192

* 30
62
¢ 30
51
040
044
45
lel2
52
» 84
«57
82
+ 98
109
103
le25
«93
1e23
130
le71
1643
1488
1e49
1458
1e¢48
2019
2001
2027
1¢90

51
¢ 30
52
040
43
198
1640
1048
1498

52
A
«52
043
52
48
52
93
le02
63
le02
°92
1e02
95
le52
lel10
1e52
lel5
l1e52
1e57
1e52
2¢03
1e98
1e48
198
208
1e98
232

¢ 30
52
36
o411
52
1e60
139
198

2¢31

¢ 68
¢ 30
58
¢ 36
47
043
43
64
«92
¢48
78
e84
100
¢34
le45
«e93
118
108
le48
le48
190
1.80
1e60
1e¢38
1693
le92
227
1690

52
40
¢ 36
«52
57
1460
1498
178
1499
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€11

1098” 240 _2001
248 190 198
LAME (Bl sK)eK=1,288
e543 561 561
¢ 555 555 «543
*543 e551 551
«548 e548 «543
543 545 545
544 544 «543
543 e543 543
543 543 16070
1070 16275 16275
1¢243 1e243 1070
10270 1070 1.208
1070 1070 1070
1070 1070 1eQ70
1e¢07C 1070 162370
1070 14070 14070
2294 24294 1e564
1564 1e564 20097
le564 26010 l1e564
1 e564 1 e564 le564
1 e564 1e564 le564
1 e564 le564 1e564
1e564 16564 1e564
2011 3459 34459
3137 3137 24011
2011 2,011 24011
2011 2011 2,011
2011 26011 2e0C11
24011 24011 2011
2011 24011 24011
LAME (842K ) sK=1,288
e543 +561 +561
e 555 ¢555 «543
0543 551 551
« 548 «548 «543
e543 545 545
544 544 543
¢543 543 ¢e543

198
248

561

553

e551

546

545

0543

543
1333
1e275
1¢070
1070
1070
14070
1070
16070
2205
2097
16564
l1e564
1e564
1e564
16564
3459
2e011
26401
24011
24011
26011
2011

561
«553
«551
546
545
¢543
543

2448
l1e91

0543

«e553

«543

e246

543

543

543
1333
1¢070
16070
16070
1¢070
14070
1070
1e564
2205
1e564
1e564
16564
1e564
1e564
1e564
2011
2011
24011
2e¢011
2011
2011
2011

543
«553
543
546
«e543
543
543

«557
¢553
549
¢e546

0545

543

«e543
1333
1e257
16070
164070
1070
1070
1070
2¢408
20205
1e564
16966
1e564
1e564
1e564
1 e564
24011
3014
2011
2e011
20011
2011
2011

557
553
549
546
545
«e543
«543

557

«543

549

e543

545

5473

«543
1070
1 e257
1070
16070
16070
14070
1070
2e¢408
1e564
1e564
1 e564
14564
1 e564
1 e564
2¢011
36269
2¢011
24011
2011
24011
2¢011
24011

557
¢3543
¢549
543
545
543
543

2048
191

¢ 557
552
549
545

545

543

543
1298
1257
1070
14070
1070
1070
1070
2408
1e564
24051
1e564
1e564
1e564
16564
3753
3269
2011
2e011
24011
26011
2011
2011

557
552
«549
545
03545
«543
e543

_1090

543

552

¢e543

545

e543

543

543
16298
1070
le222
1070
1¢070
1070
1¢070Q
1e564
2e¢144
le564
16564
1e564
1564
1e564
3753
2011
2011
20011
2011
20011
24011

0543
552
e543
D45
e543
¢543
«543

1.98

555

e 552

548

e545

544

¢543

¢543
1298
1e243
1070
16070
16070
16070
1070
20294
2e144
1e564
1e564
1e564
1e564
16564
3753
2011
2917
2011
24011
2011
26011

555
552
548
+ 545
e544
¢543
e543
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41!

«543
«070
0243
«070
«070
«070
14070
1070
20294
1e564
1 e564
1 e564
1 e564
1 e564
16564
2011
36137
2011
2011
2011
2011
2011

— ek s b

¢543
16275
1e243
1070
1070
14070
1070
1070
2294
1 e564
24010
le564
1 e564
1e564
1 e 564
36459
3e 1_37
2011
24011
24011
24011
2011

14070
16275
1070
1208
1070
1¢070
14070
16070
1 e564
2097
le564
1e564
1e564
1e564
16564
3459
26011
24011
2,011
26011
26011
24011

1¢333
1e275
16070
1070
1¢070
14070
16070
14070
2205
24097
le564
1e564
l1e564
le564
1e564
36459
26011
26401
24011
24011
2e011
24011

1e333
16070
1070
1070
1e¢070
16070
16070
1e564
2205
1e564
1e564
le564
16564
1e564
1e564
2¢011
2011
2¢011
24011
26011
2011
24011

14333
1e257
1070
1070
1070
1070
16070
2408
2205
16564
16966
1e564
1e564
1e564
1e564
2¢011
3014
2¢011
2011
2011
2011
2011

1070
1e257
1070
1070
1070
1¢Q70
1070
2408
1e564
1e564
1 e564
1l e564
1 6564
1e564
2011
36269
2011
24011
24011
24011
2011
2¢011

1.298
1257
14070
1070
1070
1070
16070
24408
1e564
24051
1e564
1564
le564
1 e564
3753
3269
2011
2¢011
26011
2e011
2e011
2011

1298
1070
1e222
1070
1¢070
14070
14070
16564
2e144
1e564
1e564
1e564
16564
1e564
3753
2011
2011
2011
2011
24011
24011

1298
1e243
16070
16070
1070
1070
1070
20294
2144
1e564
1e564
1 e564
1 e564
1e564
36753
2¢011
2917
2011
2e¢011
2011
2011
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SIT

"NMACH (7)

8
NXD7
24

NDDR7(1)+1=1+8

1

1 1

. FIXED INPUT DATA FOR CYLINDERS FOLLOWING FRUSTUMS

3 3 3 3 2

NTHF7(14J)s1=148 J=1sNDDR7(I)

o

DWW WD R

2 2
3 2
3 2
3 2
2

NLAMT7(TeJ)91=148 JU=14NDDR7(1)

96
96
96
48
T2
72
72
48

48 48
72 48
72 48
72 48
48

MACH(741)41=148

«80

1400

XD7(1)el=1,424

0«0
100
500

ol
1e25
5¢50

120 150 2¢50 3¢50 500

2 3 o4 5 6
150 1e¢75 200 2¢50 300
6400 6450

DDR7(14J)eaI=148 JU=1NDDR7(I])

« 70
¢« 70
«70
«25
25
25
25
25

¢50
«50
«50
«50
e 50

«75
«75
«75
«75

15200

o7
3¢50

«8
4400

9
4450
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THF7(1eJsK)eJ=1«NDDR7 (1)
560 100 1540
THF7(2+eJeK)eJ=14NDDR7(2)
540 1060 15640
THF7(3+JsK)sJ=1NDDR7 (3)
S0 100 1560

CTHF7(4+JsK)sJ=1 «NDDR7 (1)

50 100
50 100
50 100
THF7(5+JaK) s J=1 4NDDR7(5)
5e¢0 100 2060
5e0 1040 20e0
5e¢0 2040
THF7(6¢JsK) s J=1 4NDDR7 (6)
540 1040 2040
540 100 2040
540 2060 B
THF7(74J9K)eJ=14NDDR7 (T)
50 1040 2040
540 1040 2040
540 2060
THF7(8eJsK)sJ=14NDDR7 (8)
500 10400,
500 10400

LAMT7(1e14K)aK=1496

—e¢370 —-14140 ~14140 -1
«580 -=-1.,300 0075
«2088 110 e 160
«100 «400 + 055
« 048 «058 « 070
«060 «130 « 070
2060 «088 « 092
« 070 «128 « 060
« 060 « 087 + 080
« 080 « 095 « 060

LAM7(241+K)eK=1,96

347 14200 510
¢320 =-4140 ¢330
2030 ¢540 ¢ 750

K=l eNTHF7(1J)

3040

K=1+NTHF 7 (24 J)

3040

K=14NTHF7(3+J)

3040

K=1+NTHF7 (4 4J)

K=1 s+ NTHF 7 (54J)

K=14NTHF 7 (&4 J)

K=1aNTHF7(74J) _

K=1sNTHF7(84J)

¢ 500

145
685
«070
« 200
¢« 050
¢« 130
¢« 075
¢ 095
« 087

130

«620
¢ 855

-e070
«400
« 079
« 080
¢« 050
« 050
2059
072
e 060
« 080

0345
530
-e¢ 060

o120
~-e220
«100
0310
e 055
«120
« 080
e120
¢ 087
« 095

e5630
340
350

570
«087
128
2050
« 065
« 070
«080
e 060
+080

8360
300
0540

-1e400
130
« 590
0060
0155
¢ 085
0120
« 080
e« 095

~e170
620
e840

4040
205
v062

\072

¢ 060
« 090
2060
« 080
2060

4340
740
-e118

160
¢ 600
¢ 080
0245
¢ Q60
0147
«Q70
o110

_0087

0460
e818
o140
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 «240 4720 =-4180
-e210 =-4248 =-4170
-—e333 -4300 +020
0070 0120 -0080
_ «040 °115 « 085
0068 « 090 «060
¢ 060 «100 0 055
LAM7(3911K)9K=1996
¢580 « 720 « 450
e150 =4430 «380
«295 e 430 ¢ 390
*410 0450 0130
«058 175 0240
«060 «070 «015
«010 ~-e015 oOLO
100 0045 135
0020 «050 «100
«040 « 050 «000
LAM7£40;9K)9K=1048 -
374 723 «355
0286  «440 272
0214 *290 o181
0087 118 « 046
«007 e 007 « 005
LAM7(4924K)sK=1048
0249 e710 251
0244 387 240
215 «240 0195
o115 0115 « 084
«036 ¢ 036 e 025
LAM7(443sK)eK=1 448
«220 «220 «208
165 165 157
128 128 115
077 0077 ¢ 060
«037 «037 « 035
LAM7(Ss1 sK)eK=1472
277 «530 « 805
0450 5626 0267
¢500  «257 364

-.020

-¢090

-e120
«033

«100
«125

«050

e 260
«460
¢ 390
¢ 300
« 300
-¢010
-+010
«110
+060
« 050

0652

« 406
0242
«059
«005

e 620
352
«197
«084
-025

«208
157
«115
«060
«035

274
o415
e470

¢ 060
follO

-e210

«080
Q70
e 055
0060

o470
270
e 235
355
=010

«035

«060
+145

- .+000
*040

338
_0258

e145
4030
«003

253
«237
170
¢ 070
«015

«194
0147
«100
¢ 052
«030

503
«576
e 255

«280
~e¢280

-e190

«120
0132

$090

«100

«500
450
« 390
0440
« 040
¢ 040
e 020

100

+050
«050

«590

0372
«208
«033
«003

548
«318
¢170
«070
015

«194
e147
«100
«052
«030

¢ 738
264
¢ 375

-e215
-e320
«050
-e025
«080

« 060

¢ 200
«340
¢430
¢ 090
«130
-e¢015
¢ 050
¢110
e 040

320

0243
128
«018
«003

¢ 250
e 230
e 145
«058
« 015

«185
¢140
«092
e 045
« 030

272
¢403
0440

":0160_
1'240

«080
«080
«092
" «100

-e440
458
0452
0240
0145

-¢020
+ 005
«130
« 050

¢ 534
340
0173
«018
«003

e484
¢ 290
0145
« 058
015

«185
«140
« 092
« 045
«030

474
534
0252

-e060

=030
—el13
¢« 085

.:0068
« 055

0410
¢ 350
¢180
¢ 290
-+020
+ 020
0110
159
«000

0304
0226
o110
e 010

248
o222
¢130
e 045

«174
«133
« 086
e 040

678
0261
0329

¢ 040

m-.ass';
=070
o115

0;40
« 090

0420
¢ 520
350
« 390
« 000
«020
e 070
«130
¢ 050

485
«317
2146
«Q10

¢4 30
e 263
«130
0045

0174
«133
+086
¢ 040

«270
«382
415
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246 313 «390
0240 276 .194
«160 .088 «120
0026 0054 0054
«034 «034

LAMT7(5+24K)s1K=1+72
233 e 486 561
0426 .490 0231
415 225 e 350
e210 284 «330
¢190 e 205 149
«100 « 080 « 080
«038 «038 «038
0015 0015

LAM7 (S+3¢K)YsK=1 448
«180 «180 173
«138 «138 144
124 124 112
«079 «079 « 069
°052 052 « 052

LAM7(6+1 sKYeK=1 472
278 e540 «820
452 0632 «270
«508 «260, 366
«250 315 «396
238 «280 197
e143 « 090 120
+030 4055 4055
032 $032

CLAM7(6424K)2K=1,72
| e254 412 e 490
e372 0440 232
«390 e 216 «323
¢199 4286 4330
o203 e 230 e 150
115 « 090 «090

_ e042 4042  .042
«015 e015

LAM7(6+3+sK)eK=1+48

135

e 135

¢ 133

« 235
»218
122
«015

e 234
«408
¢ 393
«200
o162
«080
«028

«173
s 144
112

0069
+052

«276
o428
476
«239
«220
«128
«019

e 250
¢« 360
377

* 186

« 180
« 090
« 028

133

¢ 186
0250
« 060
«041

0466
o464
220
256
0174
« 065
«028

s166
«138

o104
e 062
« 050

¢510
586
258
0286
0250
0065
« 045

«400
o424
«210
257
¢196
e 072
« 028

131

¢ 345
159
0092
¢ 045

«538
«229
¢330
282
117
e 065
e 028

0166
«138
«104
062
¢050

e 750
266
¢ 346
«350
e161
e 095
2045

6472

0228
+310
291
«128
072

«028

«131

224
¢ 181
e 092
«008

0234
¢ 385
«372
¢ 184
e 127
« 065
¢ 015

«160
¢ 133
« 096
e 060
« 050

« 274
o405
446
228
¢ 185
¢ 095
¢Q10

0246
¢ 348
¢ 360
o172
¢ 139
072
«015

0129

« 260
«201
¢ 040
e 034

0446
«438
217
« 220
0128
« 050
«015

¢160
¢133
e 096
« 060
« 050

0480
542
254
e 260
0206
e 045
e 032

+« 389

«408

«205
e 230
«148
« 058
015

o129

«310
el22
¢ 070
« 034

3512
0226
«313
242
« 094
¢ 050
e 015

154
127
« 080
+ 055

« 688
0264
«331

«314

«120
072

«032

455
220
290G

«260

«108
« 058
2015

127

«210
149
«070
+008

«233
e 366
«350
164
+100
¢« 050
o015

e154
127
¢ 080
¢ 055

272
«385
0422
«213
e 150
Q72
«010

e 239
¢335
¢345
¢ 160

«113

«058
015

«127
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61T

e125 125  .121
el112 4112 4108

_ o084  «0B4 = +075

7054 4054 4055

CLAM7(7914K) sK=1 472

..1@&Qm_,o360 e500
_#320 0402 «300
0332 273 277

0246 250 « 268
.e216 o216 « 190

. ..e187 «150 «170
095 «113 e113

«070 « 070

LAM7 (742K )eK=1472

«220 e 261 ¢ 290
252 0272 0220
253 216 «231
«210 e 208 0232
¢186 0192 174
«140 «118 0120
2063 « 063 + 063
« 028 «028
LAM7(7+3+4K)eK=1 48
e146 e146 e143
131 «131 ¢« 130
119 119 113
« 084 «084 072
«054 «054 « 056
LAM7(84s1sK)eK=1448
«116 116 o116
«116 «116 o116
o116 o116 116
116 o116 ell6
116 116 o116
LAM7(8420K)sK=1,48
o116 116 o116
o116 116 o116
o116 116 0116
«116 o116 0116
o116 0116 116

121
«108
«075
« 055

o330

«310
312
231
e 209
¢170
«072

«220
0243
e 250
e 204
174
«120
e 045

«143
0130
«113
«072
¢ 056

0116
0116
s116
0116
116

«116
116
o116
«l16
o116

0119
0104
067
+ 054

346
376
262
«233
«208
o134
092

e 260
0267
216
«204
e 185
«100
0045

140
«128
«108
e 067
e 054

0116
el16
o116
116
o116

«116
e116
116
o116
0116

«119

104

+ 067

« 054

o466
«290
e 265
¢ 240
177
¢153
092

287

0220
0216
0220
¢ 154
«100
e 045

¢140
«128
«108
« 067
¢ 054

o116
116
o116
0116
«116

e116
o116
e116
e116
116

«118
%100
« 060
« 054

«320

¢ 298
0294
o212
e 197
¢ 153
«050

« 220
« 239
245
0195
o154
«100
«028

«138
e 126
«102
« 060
« 054

o116
0116
116
e116
0116

o116
o116
0116
116
«116

o118

100
. +060
. .e054

«351
0256
e 220
¢ 197
o115
«070

«257
260
0213
«195
¢ 160
+ 080
«028

«138
126
e102
e 060
e 054

o116
e116
o116
o116
o116

e116
o116
e116
0116
o116

332

-1Ts
¢ 092

e 059

434

«280
2260
e 220
167
¢135
«Q070

«280
0219
« 220
«208
134
¢ 080
« 028

0133
0123
«093
« 058

s116
0116
o116
116

o116
«116
o116
«116

ollSi

e092
2059

311

e289
280
«200
«187
¢ 135
¢ 050

«220
«234
¢ 239
¢ 186
0134

«080

«028

e133
0123
093
¢ 058

o116
o116
0116
o116

116
116
o116
«116
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FIXED INPUT DATA FOR BOATTAILS FOLLOWING LONG CYLINDERS

NMACH (8)
8
NXD8
12
NTHBB8(I)s1=14+8
5 4 5 4

NLAMB(1)s1=1,8
60 48 60 48
MACH(B8+s1)e1=148
1e5C 1e91 200
XD8(I)el=14s12
« 00 oiO 20
200 2450

5

60

250

«40

THBB(IsJ)eI=1+48 J=1+NTHBB(1)

Oe0 440 8.0
Qa0 566 760
Oe0 460 Be0
Oe0 460 860
0e0 20 440
Oe0 20 440
Ce0 60 1240
0.0 4.0 8.0

LAMB(14+J)aJ=160
«00C «000 -.030
¢000 =—-e048 =-4105
e000 =220 ~—e412
« 000 ~- 250 —e¢ 790
« 000 —¢100 _0820
¢ 00C -+040 ~e 710
LAMB(2+J)sJ=1448
¢000 —64050 =-4155
—e182 =~-.189 «000
¢e000 =295 -—4318
—e354 —4410 + 000
¢000 —4358 =348
LAMB(3+J)aJ=14+60
. «000 -4030 —-4030
e000 =—e064 =095
« 000 —-e129 —e232

120
Se3
1240
1240
8e¢0
80
1840
1240

~.035
-e150
-e660
-14330
-14380
~-14190

-e 157
~-el174
- 355
—¢380
- ¢ 396

-+090
-.180
-+380

5 4

60 48

1660

1640

1240
120

160

-¢060
-¢032
-1200
«000
-e150
“0060

«Q00
—e220
+000
-e354
«000

¢ 000
-e105
-390

«000
«000
«000
+ 000
«000
+ 000

—¢080
—e230
—e346
—-e420
~e358

«Q000
+000
«000

600

100

-e¢020
-e¢120
~e261
—-e170
-e060
-e040

-e 168
«000
- 350
«000
~e348

-e048
-e100
-e155

1500

125 1050

¢ 060 =-085
«240 =320
¢e590 ~-1100
¢860 —1+400
¢ 760 —-1300
+710 —14190

¢170 ¢ 000
0235 =263
¢393 «000
¢e369 =352
0396

062 ~-e132
¢160 =280
e312 =500

1e75

-~20Q40
-e120
~1e480
—e 240
-e 090
-e 060

-al112
—-e283
-e378
-e417

-e048
-e240
-a470
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e000 =175
«Q00 =e110
«000 =-4030
LAMB(44J)sJ=1448
«000 =4040
—e120 =4170
+0C0 =-,130
—-e¢240 -390
«000 ~-.030
LAMB(5+J)eJ=1+60
«000 «000
«000 =—4020
« 000 =040
«00C ~-.058
e000 ~—4065
¢« 000 —4065
LAMB(6+J)0J=14560
¢ 000 «000
«0C0 =—-4020
« 000 =-¢075
«000 =-,105
« 000 =4150
«000 =~6100
LAME(7+J)sJ=1448
«COC ~4034
-e346 —-4529
«000 =—4053
-e050 =4100
¢« 000 =—4049
LAMB(8sJ)eJ=1460
« 000 «003
«000 «003
«00C «003
«000 «003
«0CO «003
«00GC «003

—e408
~e450
—e 400

—eJ75
« 000
-e215
« 000
—¢130

« 000
-e040
~e¢130
225
-¢390
_0500

« 000
-+030
-« V90
—~e 135
~e222
—e319

~-e 075
«000C
-e131
¢ 000
-0050

« 000
«000
.ooo
« Q00
«000

-¢630
~e620
«530

-e110
« 092
«325
-e100
- 290

«000
-e079
« 280
—e357
-e940
1¢300

«000
-¢032
-e¢133
-e282
—-eD45
-e320

-e250
-+080
—-e240
-e049
~-+050

«000
«000
«000
«CO0
«000
«000

-e¢170
-e050
-e¢010

«000
~e¢159
« 000
-e210
«000

« 000
~el20
‘0470

-14020
—-2¢020
-2¢150

«000
~-e042
~¢198
~-e¢550
-e950
~e875

¢ 000
-0 245
« 000
-e050
« 000

«000
«000
« 000
« 000
« 000
« 000

«000
+ 000
eCOO

-¢050
—e228

~e¢130

-390
~+030

« 000
«000
« Q00
« 000
«000
«000

«000
«000
« 000
+000
« 000
«000

~e125
~e¢383
~-e049
-e¢050
~e049

«000
«000
« 000
« 000
« 000
« 000

~e¢160
- 060
-~e¢030

-¢100
« 000
— 240
«000
-e130

-¢010
-¢038
-e048
-e¢023
—¢065
-e065

«000
~¢050
~e092
~-¢120
-e130
-¢100

-e413
«000
-+088
«000
-+050

«003
«003
« 003
«003
«003
«003

—e450
-e410
~-e400

-e140
—ell6
—e368
-+¢060
-¢290

~-+020
-¢050
-~e¢180
~-¢300
-e450
-¢500

-e¢010
-e062
-+108
—e180
—-e¢268
~e319

—eb612
—e062
-e182
-e049
-e050

« 000
¢+ 000
« 000
« 000
¢ 000
« 000

—e650
-+570
-~-¢530

«000
—-+188
«000
-el160

- 030
- 165
- 418
-e 760
~1e140
~-1300

-e010
~+080
—e200
-e410
-e730
-e¢920

«000
-+180
«000
-e050

« 000
« 000
«000
¢ 000
« 000
« 000

-e090
=s020
-e010

-e065
~¢280
-e120
-e¢340

- 050
- 280
- 720
~1 480
-2150
-2¢150

=010
-el15
—e325
-+810
-e930
-e¢875

-+108
-¢303
~-e 049
- 050

« 000
¢000
«000
«000
«000
« 000
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